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CHAPTER 1

General Introduction and
Outline of the Thesis

GENERAL INTRODUCTION
Living organisms have to adapt to their constantly changing environment. Their
capability to detect signals, to interpret them and to produce an appropriate
physiological response is essential for the organism to survive. This process of
adaptation is based on complex interactions between various cells and organs in the
organism and occurs via messengers, such as neurotransmitters and hormones (for
review see Boolootian and Stiles, 1976). Environmental signals percepted by sensory
organs are passed on by means of action potentials along neuronal processes. The
action potential ultimately ends in a synapse at an effector cell and triggers the synapse
to release neurotransmitters, which stimulate or inhibit the target cell. When the target
cell is another neuron that obtains signals from some other neuronal centres, different
stimuli may be added up and a postsynaptic action potential may be the result.
Eventually, these signals affect the activity of effector cells. When the effector cells
are of endocrine nature they can be stimulated to release hormones into the blood.
Subsequently, these hormones reach their targets which leads to an appropriate
physiological response and a proper adaptation of the animal to a change in the
environmental conditions (e.g. Bagnara and Hadley, 1973).
In animals the main system involved in transduction of neural inputs to hormonal
outputs is the hypothalamus-hypophyseal system (consisting of the hypothalamus and
the pituitary gland; for review see Turner and Bagnara, 1975). The pituitary contains
various types of hormone-producing cells, which are regulated by a multitude of
factors of neural origin (neurotransmitters and neurohormones). Furthermore, the
endocrine pituitary cells are (negatively) controlled by hormones released from their
target organs (e.g. gonads, adrenals; for review see Turner and Bagnara, 1975). It has
been shown that pituitary cells are affected by the immune system (for review see
Imura et al, 1991) and thus they can control each other. Their complex regulation is
exerted at two levels, namely at the level of the secretion of the hormones and at the
level of expression of the genes encoding (the) hormone(s).
Signal transduction from the cell membrane to the nucleus
In principle, the regulation of gene transcription by extracellular signal molecules
occurs in two ways (for review see Hadcock and Malbon, 1991). Molecules, such as
retinoic acid, the thyroid hormone and steroid hormones (estrogen, progesteron,
glucocorticoid), pass the cell membrane and bind to an intracellular receptor. This
hormone-receptor complex subsequently affects gene transcription (for review see
Lewin, 1991). On the other hand, there are extracellular messengers, such as
dopamine, γ-aminobutyric acid (GABA), adrenocorticotropic hormone (ACTH) and
several other hormones, which can not pass the cell membrane and bind to receptors
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situated on the membrane These receptors, which are agonist-specific, are often
coupled to guanine-nucleotide (GTP)-dependent regulatory protem2 or G-protems (for
review see Homburger et al , 1987) These G-proteins are able to activate or inactivate
protein kinases, such as protein kinase A (PKA) and protein kinase С (PKC), by
changing the internal levels of second messengers, such as cyclic
adenosine-monophosphate (cAMP), cyclic guanosine-monophosphate (cGMP),
2+
diacylglycerol and Ca . Other receptors, like the insulin receptor, are themselves
protein kinases (Hunter and Cooper, 1985, Carpenter and Cohen, 1990) Activated
kinases can subsequently phosphorylate proteins that directly or indirectly regulate
gene transcription An example of a protein that directly regulates gene transcription
after a phosphorylation event is the fra/u-acting (ТА) factor nuclear factor-« binding
protein (NF-KB, Duyao et al , 1990, for review see Bauerle, 1991) In resting cells
NF-KB is bound to the inhibitor-xB (ΙκΒ) and forms the inactive, cytoplasmic
NF-KB-IKB complex Activation of PKA or PKC results in the phosphorylation and
inacüvaöon of I/сВ, followed by a dissociation of the inactive complex to the active
NF-/cB form Subsequently, NF-/cB translocates to the nucleus where it can activate
several genes
Regulation of gene transcription
The regulation of gene transcription is mediated by TA factors that bind to
cu-acùng DNA sequences Gî-acting sequences can be divided into four groups
promoter-, repressor-, enhancer-, and silencer elements (for review see Jones et al ,
1988, Renkawitz, 1990) Promoter elements are found within approximately 400 bp of
DNA sequence 5' (i e upstream) of the transcription start site (called the promoter
region) and they regulate gene transcription in a position- and onentation-dependent
fashion (Goodman et al , 1990). A common cw-acting promoter element, found in
most genes transcribed by RNA polymerase Π, is the TATA-box which is the binding
site for the TFIID protein (Eisenmann et al , 1989) It is generally accepted that the
TATA-box constitutes an important element for determining the start site of
transcription Other common promoter elements are the CCAAT and GC boxes
(Mitchell and Tjian, 1989) TA factors, such as Spi, Krox-20, CTF or CBF stimulate
transcription (Dynan and Tjian, 1983, for review see Jones et al , 1988, Johnson and
Mcknight, 1989, Chavner et al , 1990), while proteins such as a GC-box repressor
factor or a CCAAT displacement protein inhibit transcription by binding to these
elements (Barbens et al., 1987, Kageyama and Pastan, 1989) Repressor elements
mediate repression of transcription in an orientation- and position-dependent manner
(for review see Renkawitz, 1990) Protems binding to these elements can neutralize
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stimulation of transcription brought about by an enhancer (Vacher and Tilghman,
1990) or, when the site overlaps with stimulatory sequences, TA factors can compete
for binding. For example, the SV40 T-antigen represses transcription of its own gene
which is thought to occur through hindrance of binding of RNA polymerase Π (Hansen
et al., 1981). Repression of rat proopiomelanocortin (POMC) gene transcription by the
glucocorticoid-receptor complex, which binds to a negative glucocorticoid response
element (nGRE), is thought to occur by competition with proteins that stimulate
transcription (Drouin et al., 1989a). Finally, enhancer and silencer elements can be
situated either upstream or downstream of the promoter region of a gene and they
stimulate and inhibit gene transcription, respectively, independent of their orientation
and distance from the transcription start site (for review see Ptashne, 1986). Examples
of enhancers are the hormone-responsive elements (HRE), which are bound by thyroid
and steroid hormone receptors, and the cAMP-responsive element (CRE), which can
be bound by the CRE-binding protein (CREB; Montminy and Bilezikjian, 1987).
Although the mechanisms and biochemical pathways by which cells integrate
physiological cues in order to bring about appropriate changes in the rate of
transcription are still largely unknown, it is clear that the frequency of initiation of
mRNA synthesis depends ultimately on TA-factors that interact with cw-acting
elements and with each other. Proteins bound to enhancers or silencers also may exert
their effects

on transcription through contacts with proteins bound to promoter

elements. When these elements are located far upstream or downstream of the
promoter region the DNA in between the interacting TA-factors is supposed to bend
aside (loop out; for review see Ptashne, 1988). TA-factors may synergize, i.e. their
combined activity is larger than the sum of their separate effects. On the other hand,
different TA-factors can bind to the same element, resulting in competition for sites
and consequently, depending on the bound protein, a change in the level of gene
transcription. Furthermore, the amount of a particular regulatory TA-factor varies
among different cell types.
In general, tissue-specific gene expression, like for most hormone genes, appears to
be dependent on the interplay between ubiquitous and cell type-restricted proteins.
Examples of ubiquitously expressed proteins are the TA-factors c-fos and c-jun
(Rauscher et al., 1988). The c-fos and c-jun proteins are encoded by so-called 'first
order' genes. These genes are induced very rapidly (within a few minutes) and
transiently by external stimuli without the need for prior protein synthesis (Almendral
et al., 1988). They couple short-term signals to long-term responses by inducing the
expression of specific genes via their gene products (Curran and Morgan, 1987). For
instance, induction of proenkephalin gene expression in the hypothalamus by agonists
that raise the internal level of cAMP or that activate the phosphatidyl inositol pathway,
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occurs by binding of the c-fos/c-jun dimer to the activator protein-1 (AP-1) enhancer
element of this gene (Sonnenberg et al., 1989). The pituitary-1 (Pit-l)/growth hormone
factor-1 (GHF-1) protein constitutes an example of a cell-type specific TA-factor
(Bodner et al., 1988; Ingraham et al., 1988). This protein appears to be a positively
acting, cell type- and promoter-specific transcription factor and restricts the expression
of the growth hormone gene to the somatotrophic cells of the anterior pituitary.
Functional analysis ofcis-acting sequences
Identification of the di-acting elements that regulate constitutive-, inductive-,
tissue-specific- or temporal-specific expression of a gene is mostly performed by
introduction of the putative di-acting DNA sequences coupled to a reporter gene in
cultures of somatic cells or into animals which, as a result, become transgenic. By
means of deletion or site-directed mutagenesis of potential regulatory elements and
analysis of the transcription of the mutated element coupled to a reporter gene in one
of the above two systems, the involvement of these elements in the regulation of
transcription can be analyzed. Cell cultures have the advantage that transfer of the
gene of interest, by means of transfection, electroporation or injection, is relatively
easy and that transcription of the introduced construct can be quickly assayed.
Furthermore, proteins that are not present in the cell line but that are involved in the
regulation of transcription of the studied gene can be identified in a complementation
assay, i.e. by co-transfection of an expression vector containing DNA encoding the
lacking protein. Drawbacks of the cell culture system are that 1) extracellular factors
which regulate transcription of the gene under investigation are absent, 2) intracellular
regulatory factors may be absent or present at only a low level, and 3) the cultured
cells may be at a different developmental stage than the cells in which the endogenous
counterpart of the studied gene is expressed. These disadvantages, of which the first is
especially important for hormone genes, do not occur in experiments dealing with
transcriptional events in transgenic animals. Although DNA can integrate as multiple
copies and the expression of the integrated DNA may be (non-physiologically)
influenced by flanking host DNA (Wilson et al., 1990), studies in transgenic animals
are performed under conditions that closely reflect the in vivo situation. One popular
way of generating transgenic animals concerns the microinjection of DNA into the
nucleus of a fertilized egg. For several reasons the egg of the South-African clawed
toad Xenopus laevis constitutes an interesting model system for microinjection of
DNA. First, the large size of the Xenopus egg makes it well suited for injection
experiments (Kressman and Bimstiel, 1980). Secondly, in contrast to mammalian eggs,
there is no need to transplant injected Xenopus eggs into a foster mother because
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Xenopus are oviparous. Third, development of Xenopus can be easily followed and has
been well documented (e.g. Nieuwkoop and Faber, 1956).
The proopiomelanocortin gene of Xenopus laevis
The subject of this thesis is the gene encoding the prohormone proopiomelanocortin
(POMC) in the amphibian Xenopus laevis. POMC is predominantly expressed in the
pituitary, where it is tissue-specifically processed. In the anterior lobe POMC is
processed to, among other peptides, a 16 kDa N-terminal fragment,
adrenocorticotropic hormone (ACTH) and /3-lipotropic hormone, while in the
melanotrope cells of the neurointermediate lobe α-melanocyte stimulating hormone
(a-MSH), corticotropin-like intermediate lobe peptide (CLIP) and /3-endorphin are the
end products (for review see Smith and Funder, 1988; Jenks et al., 1988). These
peptides are involved in the regulation of a number of physiological processes, such as
adaptation, growth and development (Harbour et al., 1987; Eberle, 1988; Jenks et al.,
1988; Adams et al., 1991; Khachaturian et al., 1991; L'Hérault and Barden, 1991). In
Xenopus laevis the hormone α-MSH is involved in the adaptation of the animal to its
background (for review see Bagnara and Hadley, 1973). Perception of the
environmental signal (background colour) involves differential stimulation of dorsal
and ventral parts of the retina which is likely followed by central processing of this
neuronal input. Precisely how the retina discriminates the light sensations and which
pathways are involved in the integration and processing of this information in the
central nervous system is unknown. The neuronal information originating from the
eyes ultimately reaches the hypothalamus. Various neurons from the hypothalamus
project to the melanotrope cells of the neurointermediate lobe of the pituitary and
control the secretion of a number of peptides, including α-MSH, through multiple
factors, such as dopamine, neuropeptide Y, corticotropic releasing hormone and
GABA (Jenks et al., 1988; Jenks and van Zoest, 1990). The hormone α-MSH acts on
dermal melanophores, which contain the black pigment melanin within granules called
melanosomes. Placing the toad on a dark background induces the release of α-MSH
from the melanotrope cells of the pituitary which causes dispersion of the melanosomes
and a dark coloured skin of the toad. In a toad placed on a white background secretion
of α-MSH from the intermediate lobe is inhibited, leading to aggregation of the
melanosomes and a pale-coloured skin. An elevated release of α-MSH by the
melanotrope cells of black animals is accompanied by a higher rate of POMC gene
transcription (Martens et al., 1987; Ayoubi, 1991). This feature makes the regulation
of POMC gene transcription in the intermediate lobe of Xenopus an excellent model
system for studies on the regulation of hormone genes: the expression of exogenous

13

Chapter 1
Xenopus POMC gene

constructs

introduced into Xenopus embryos

can be

physiologically manipulated. Another advantage of studying Xenopus POMC gene
regulation is that this animal contains two POMC genes (A and B) which are
coordinately expressed (Martens, 1986; Martens et al., 1987). This pair of genes
appears to have arisen by duplication of the entire genome in the ancestor of Xenopus
laevis some 30 million years ago (Bisbee et al., 1977; Thiebaud and Fischberg, 1977).
Since it is generally assumed that evolutionary constraints lead to conservation of
functionally important regions (Bell et al., 1980; Efstratiadis et al., 1980), comparison
of the nucleotide sequences of POMC genes A and В of Xenopus laevis can result in
the identification of conserved regions which may function as di-acting DNA elements
involved in the transcriptional regulation of the POMC gene.
OUTLINE OF TIIE THESIS
In order to identify putative di-acting sequences of the Xenopus POMC gene the
determination of the entire nucleotide sequence of Xenopus POMC gene В is described
in chapter 2. Database analysis of the gene sequence revealed several repeats. Repeats
are (families of) DNA sequences of different length which are generally more than 105
times repeated in a genome. The possible function of these elements in the regulation
of POMC gene transcription is discussed. The nucleotide sequence of POMC gene В is
compared with that of the human POMC gene, because this is the only other POMC
gene of which the entire nucleotide sequence is known. In addition, the promoter
region of Xenopus POMC gene В is compared with those of the human, bovine, rat
and mouse POMC genes. Several putative di-acting sequences could be identified.
The comparative analysis is extended in chapters 3 and 4 with the isolation and
characterization of Xenopus POMC gene A. As reported in chapter 3, this analysis
shows that Xenopus POMC gene A is much larger than gene B, which is mainly due to
the presence of so-called vitellogenin (Vi) transposon-like elements in POMC gene A,
which are absent from POMC gene B. The presence of these elements in relation to
their possible influence on POMC gene transcription is discussed. The determination of
the entire nucleotide sequence of Xenopus POMC gene A is reported in chapter 4.
Comparative analysis of the nucleotide sequences of Xenopus laevis POMC genes A
and В led to the identification of three large, conserved regions, in addition to the exon
sequences, and of several small conserved DNA stretches.
To test whether the identified conserved and thus putative di-acting sequences are
involved in the regulation of POMC gene transcription in Xenopus, a number of
recombinant DNA molecules containing the POMC gene or gene fragments were
constructed and injected into Xenopus oocytes and in vitro fertilized eggs. Chapter 5
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iescribes the technical details of the injection procedure: the design of the injection
»pparatus, the reliability of the injection procedure, the fate of the DNA injected into
fertilized eggs and the feasibility to generate transgenic toads. In chapter 6 the
injection and expression of the POMC gene constructs in Xenopus oocytes and eggs
»re reported. Chapter 7 describes a preliminary study on the function of POMC and
related proteins in Xenopus development. For these experiments DNAs encoding these
proteins were cloned in an expression vector, which directs expression in every cell
from the mid-blastula stage onwards. The resulting constructs were injected into in
vitro fertilized eggs and the effects of the expressed proteins on Xenopus development
were examined. Finally, in chapter 8 the results of the structural and functional
analyses of the Xenopus POMC genes, and possible future directions are discussed.
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Structural Analysis of the Entire Proopiomelanocortin Gene В
of Xenopus Laevis

Peter M.T. Deen, Dick Terwel, Marion J.G. Bussemakers,
Eric W. Roubos and Gerard J.M. Martens

Published in European Journal of Biochemistry 201, 129-137 (1991)

Chapter 2
SUMMARY
In the intermediate lobe of the pituitary the prohormone proopiomelanocortin
(POMC) is tissue-specifically processed to, among other peptides, or-melanotropin
(ar-MSH). In the South-African clawed toad Xenopus laevis this hormone mediates the
process of background adaptation: release of a-MSH causes darkening of the animal,
while inhibition of a-MSH release results in a pale toad. Elevated release of a-MSH
coincides with a higher rate of POMC gene transcription. In Xenopus two POMC
genes exist, gene A and gene B. The present study aims to find possible transcriptional
regulatory elements in Xenopus POMC gene B. For that purpose the complete
nucleotide sequence of POMC gene В and its 5'- and 3'- flanking regions was
determined and analyzed. The Xenopus POMC gene В promoter contains several
regions which may be regulatory DNA elements in view of their similarity with
corresponding regions of mammalian POMC gene promoters. In the rat POMC gene
promoter, many of these regions represent protein-binding sequences. Besides the
promoter sequence and the protein-coding sequences, no other segments with
significant identity between the Xenopus and human POMC genes were found. Intron
A of Xenopus POMC gene В contains simple sequences (TATC)·^ and a JH12
repetitive element, while the 3'- flanking region contains a repetitive-EcoÄI-inonomer
2 element. Comparison of the JH12 sequence of POMC gene В with JH12 sequences
from other Xenopus genes revealed a 335-bp consensus sequence which is flanked by a
30-bp inverted repeat. This JH12 consensus sequence is significantly larger than the
previously reported JH12 core region. Alignment of intron В of Xenopus POMC gene
В with database sequences revealed a consensus sequence of a novel Xenopus repetitive
element of 330 bp flanked by a nearly perfect inverted repeat, indicating that this
element may be a transposon-like element.
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INTRODUCTION
Proopiomelanocortin (POMC) is the common precursor protein for a number of
peptide hormones/neuropeptides, such as melanotropin (a-MSH), corticotropin
(ACTH) and /3-endorphin. Molecular cloning and sequencing of cDNAs and genomic
DNA fragments have revealed the primary structure of several vertebrate POMC
molecules (Nakanishi et al., 1979; Whitfeld et al., 1982; Boileau et al., 1983; Uhler
and Herbert, 1983; Soma et al., 1984; Martens et al., 1985; Martens, 1986; Martens,
1987; Pan and Chang, 1989). The POMC genes of all species examined exhibit
essentially the same structural organization, namely three exons with one main exon
coding for all bioactive POMC-derived peptides (Nakanishi et al., 1981; Takahashi et
al., 1981; Cochet et al., 1982; Whitfeld et al., 1982; Notake et al., 1983; Drouin et
al., 1985). The exons are separated by two large, intervening sequences (designated
intron A and intron В). Intron A is inserted in the segment corresponding to the
5'-untranslated region of the mRNA and intron В lies in the protein-coding sequence
near the signal peptide region. The POMC gene is predominantly expressed in the
pituitary, an organ in which the precursor protein is tissue-specifically processed. In
the corticotrope cells of the anterior pituitary POMC is processed to ACTH, a 16-kDa
N-terminal fragment and ß-lipotropin (ß-LPH), while in the melanotrope cells of the
pars intermedia corticotropin-like intermediate lobe peptide (CLIP), /3-endorphin,
γ-LPH and a-MSH are among the end products of processing (Martens et al., 1982;
Smith and Funder, 1988). In amphibians a-MSH controls the process of background
adaptation (for review see Bagnare and Hadley, 1973). Perception of environmental
signals (colour of background) involves differential stimulation of dorsal and ventral
parts of the retina. Presumably, the visual information is integrated in the brain and
eventually reaches hypothalamic neurons controlling the pars intermedia. On a white
background secretion of a-MSH from the pars intermedia is inhibited and aggregation
of pigment in dermal melanophores occurs. On a black background a-MSH secretion
is enhanced, resulting in a dispersion of dermal pigment granules and darkening of the
skin.
Increased release of a-MSH is accompanied by a higher rate of POMC gene
transcription and biosynthesis (Loh et al., 1985). POMC mRNA levels in the pars
intermedia of black-background-adapted Xenopus are at least 15 times higher than
those of white-background-adapted animals (Martens et al., 1987). Transfer of white
toads to a black background induces an increase in POMC mRNA level after two days,
while the degree of melanin dispersion in melanophores becomes already markedly
increased within one day. The fast change in skin colour and the relatively slow
change in POMC mRNA level were also seen in the converse situation (black toads
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adapting to a white background), indicating that in the pars intermedia regulation of
POMC gene transcription is rather slow compared to regulation of a-MSH release.
The different levels of POMC mRNA in the pars intermedia of white and black
animals are at least in part due to a different degree of gene transcription (Ayoubi,
1991). Since POMC mRNA levels in the pars distalis of either white or black animals
are at least 10 times lower than the level in the pars intermedia of black-adapted toads,
the POMC gene is tissue-specifically expressed in the pituitary gland of Xenopus laevis
(Martens et al., 1987).
Apparently, the regulation of POMC gene transcription in the Xenopus pituitary is
a complex process. Gene regulation at the level of tissue specificity and transcriptional
activity can be modulated by enhancers and repeats which can be situated either
upstream, in or downstream of a gene (Schaffner, 1985; Lowndes et al., 1990). Due to
a duplication of the entire genome in the ancestor (Bisbee et al., 1977; Thiebaud and
Fischberg, 1977) two POMC genes exist in Xenopus laevis, gene A and gene B. We
previously reported the structural organization of Xenopus POMC gene В (Martens,
1987). In order to identify possible regulatory elements in Xenopus POMC gene B, in
the present study we determined and analyzed in detail the complete nucleotide
sequence of this gene and of its 5'- and 3'- flanking sequences.
MATERIALS AND METHODS
Isolation and restriction mapping of Xenopus POMC gene В
Screening of a Xenopus laevis genomic library with a Xenopus POMC cDNA probe
resulted in the isolation of clone XXP5 in the vector XJ1, which contains the complete
Xenopus POMC gene В on a 17 kb genomic DNA fragment (Martens, 1987).
Restriction mapping of clone XXP5 was carried out by Southern blot hybridization
analysis using as probes cDNA clones pXPL, pXP20 and pXP123, together covering
part of the 5'- untranslated region and the complete protein encoding and 3'untranslated mRNA regions (Martens, 1987). The cDNA inserts were labelled with
[ot-32P]dATP by nick translation (Weinstock et al., 1978) or random priming (Feinberg
and Vogelstein, 1983). To facilitate restriction mapping and sequence analysis, DNA
fragments of clone XXP5 were subcloned into pBR322 and pUC18/19.
Identification of repetitive elements in Xenopus POMC gene В
In order to search for and locate repetitive elements in Xenopus POMC gene B,
Southern blots of Xenopus POMC gene fragments, obtained by digestion with several
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endonucleases, were hybridized with a probe derived from Xenopus genomic DNA
(Sambrook et al., 1989). Hybridizations were carried out according to Grunstein and
Hogness (1975) in 25% formamide at 370C for 16 h and washed in 2xSSC (300 mM
NaCl, 30 mM sodium citrate pH 7.0, 2 mM EDTA; 0.2% SDS; 0.2% РР|) at,
consecutively, 42 0 C, 550C and 650C. After every wash step the Southern blots were
autoradiographed.
Screening of a Xenopus pituitary cDNA library
To obtain JH12 cDNA clones derived from pituitary mRNA, a Xenopus pituitary
cDNA library in pBR322 (Martens et al., 1985) was screened with a 172-bp fragment
of POMC gene B, covering the core region of the JH12 repetitive element.
Hybridization conditions were according to Grunstein and Hogness (1975).
DNA sequence analysis
DNA sequencing was performed by the dideoxy chain termination method (Sanger
et al., 1977) using M13mpl0/ll, mpl8/19, pKUN19 or pUC18/19 subclones as
templates or M13mpl0/ll deletion mutants generated after limited cleavage of the
insert DNA with DNasel in the presence of Mn 2 + according to Hong (1982) as
modified by Lin et al. (1985). Most of the nucleotide sequence was determined on both
strands.
Computer sequence analysis
Searches for similarity between nucleotide sequences were performed with the
computer facility of the University of Nijmegen which uses the algorithms of Wilbur
and Lipman (1983). For identification of repetitive elements in Xenopus POMC gene В
and its flanking regions the EMBL (release 23) and GENBANK DNA (release nr.
60.0) databases were used.
RESULTS AND DISCUSSION
The complete nucleotide sequence of Xenopus POMC gene В
Southern blot and sequence analyses of DNA fragments of genomic clone XXP5
were performed in order to obtain the complete nucleotide sequence of Xenopus
POMC gene B. Fig. 1 shows a detailed restriction map of clone XXP5 which was
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determined by DNA digestion and confirmed by sequence analysis. Fig. 2 presents the
nucleotide sequence of the entire Xenopus POMC gene В and its 5'- and 3'- flanking
regions. Xenopus POMC gene В has a length of 6030 bp and consists of exon one
(48bp), intron A (2435 bp), exon two (143 bp), intron В (2403) and exon three (1001
bp). The Xenopus POMC gene was compared with the structural organization of the
human, rat, mouse and bovine POMC genes (Nakanishi et al., 1981; Cochet et al.,
1982; Notake et al., 1983; Drouin et al., 1985; Takahashi et al., 1983). In mammals
exon one (86-108 bp), intron A (3-4 kb) and exon two (152-181 bp) are larger, intron
В (1.7-2.9 kb) is similarly sized, while exon three (677-833 bp) is shorter than in
Xenopus.
The POMC gene promoter
Alignment of the Xenopus POMC gene В promoter with its human, rat, mouse and
bovine counterparts revealed several conserved regions (Fig. 3). These regions are
indicated as A - S (at position -472, -438, -411, -387, -361, -314, -279, -233, -218,
-178, -130, -108, -100, -85, -57, -30, -5, +32 and +45, respectively). Box Ρ
constitutes the TATA-box, which generally determines the initiation point of eukaryotic transcription (Goldberg, 1979). CAAT-boxcs have been shown to be important in
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Fig. 2. Nucleotide sequence of Xenopus POMC gene В and its 5 '- and 3 '•flankingregions. Boxed regions
represent the nucleotide sequences of the exons. The translational start codon (ATG) and stop codon (TAG)
are underlined The polyadenylation signals (AATAAA) are overlined
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ССТСЛТТЛАЛСАСТисАЛАЛСАСЛТТСОСТССЛАССТССТОММТЛЛЛССАТТТІДО^
TCCCTCAATACCrreAAATTAATCCCCATTATCAAACITCAATCJUaWGOGATTGgCflAACLT^
СЛСССЛСАТАТСАТСТАТТТСАСТТТССДТСААССГі 1 ICI

11\^Т»АТСЛТСТСГТСТСТСТСТТЛСАТСТААССТТЛТЛСССТСАСТТГГСТаЛССГ

- 1 0 0 СТТСТССТОССАААССТСТСТССССААСАТСГТС(ЖТТССАТТТ:АСССССССАСАСЛАТССТ»ЛМТСТ<МТАТАТАААіСАССАСС^
ι

IAACAACACACCCAAAGAAGTCCACACCTTOCCACTACTCAATCAACAO)

99
199

АТТТТТАПТТСТТТТСАТТТААЛТТТАОСАААССССТССТМТГТТТААААААААТАТСТТАТТАТОТПТТATGААТАСАССТСССТТТАТТСАТСАС

299
399

CTCATCreTAATACTACrrTTCCCOTCACAJUlTTUCaiTGCATTTCAATTTCAACACAAAAirirCWTCIWTCACTTCAAAATCACTTTTAATGG^
CTG АТССС ATTTCTTTTATAATG ATO АС АТС AATACTACCTGTATTCTTTAACTCCTACACCTCT ATAAOC ATCCGTTAATCCTCAC ACATATATATATA

499
599

СТААСАААСССАСААСААТАТСТССТСТТССССГТТАТАТСТАТАТАТАТ

АТСТАСАТААТСТСТТТАТАТАТАТАТАСАСАТТАТСТАСАСТІТССТСТССТСАТССАСТСТТТСССТССТ^ТСАТТСТТТТАТТАСАТТ^

TATATAATATACACACATACATATACTTATTGAATAAaKXGCCtKJUÜMAAAATACCTCATTCTAGAACTCTTAGAAGTCOACCAACTTAGCAOTACAA
АОССТССАТАСААТТСАТАСААА<ИКАССіиі<КТТАТТТСТСТСТСТСТТСТвТАСАТТТАТТТТСТТТСАСССССТЧ^

699

TTTTTCCTTTATTTATCTTTTATGCOTTTATGTCACTCTGATAAACTTCTCTATAATTTGTATCCTACACCAACCTTAATCTTCTTTAATTTCACTTATT

799

САТАТТАТДТСіиіАТТТГГАТТТТОСТССАСГГТССАсГГАТАТТАСАСАСАССТСТСТСАСТАТСАСТСТТІТТСАТАТСТСТСТАТАТСТАТАГГТСТА

899

TT^TTACATTτlЧ^^•ΓΛTATTQCTTTTCTTACAGTTATACACTCTCTTACAOAAтеGOAC^ΛAGΓΠ'ΐTTACTTTCД^TCT^гnЧ

999

ATCTATCTATCTATTATCTATCTATTATÎTATCTATCATCTATCTCTCTCTCTCTCTCTCTCTCTCTCTCJITCTATCAACTCTCTATCTATCTGTCTATC

1099 '
1199

TCTATCTCTCTATCTGTCT^TCTCTCTXÍTCTGTCTCTGTCTCTCTCTCTC:

1299

TCCATCCATCCATCCATCCATCTATÎTATCTATCTATÎ^ATCTATCTATCTATCTATCTATCTCTATCTATCTATCTATCTATCTATCTATCRATCTATC

1399

ТАТСТАТСАТСТАТСТАТСТАТСТСТСГАТСТАТСТАТСАТСТАТСТАТТАТСТ-АТТТАТСТАТСТАТСТАТСТАТСТАТСТАТСТАТСТАТСТАТСТАТ

1S99

CTCCAAAAAATCCGAATTATOCAAACGCARRAACCCATAGCCTCCATTTTATCCAAATAATTCACATACCTCRRRCTCTGTAATAATAAAACACTCCCGT

1699

CTACTTGATCCCAACTAAGATATAATTAATACTTATTCCACCCAAAACCACCTATT4KCTTTATTTAATCTTTATATGATTTTCTACTAGACTTAAGGCA

1799

TGAATTACACAAAGATCCGTTATCTGTAAAAACCCCAGGTCCCAAGCATRRREGATAACAGGTCCAATACCAGTCTGTGTGTATATATACATACACACAT

1899

TA T A T AT A T T C G C T C G G A T AAACATCAAT ATCAGTATTGATCTG ATTCCTTTT ATG A A C C C A T А Т Т Т С С Т Т Т А А Т А А С Т Г С Л А А Т С ATGGATTTGTTGGA

1999

ACCGGTCATTCCATAGTGATCATTCAGAAATCTGTCCCT4:CATCCACTÎCTTTTAGGGGGCCCTACACTCTCATTA(ULCCCAGGG<KARRATTTCATCCA

2099

АААТТСССАААТСТАТТСССАТТТТТТТТААААААААААСТССААГІТГТСАСТТТТТАССАТТГССАСТТСААТАААТААССССССТТТААСТТТТТ^

2199

TAGCCTCTAAAAACTTGAGTAACCACATTCTGCCATTTTCTATTCCTCACTTTAGTAGATATCACTATATCAGCTATTCAAACTAAATATCAAATTCACC

2299 AGAGCATCCATTAAACCTGTAGGACATAAGAGTCCATCATTATACCCATCATCTTGTCACCATATTGTAAAGTTTAGAATGTTACAAAATACACCCCATT
2 399

AATTCTAAATATATGTGAAAGTATTTTTAATATAAGACAATATAnTTCCATTGACCrrcCATTTTTTTTTTTTCATGTCTTTTAG

| CCTCCAGTTCTCAA|

2 4 9 8 1 ATGTTTCGCCCAArTGGAGGCTGTTCCCTTGCAATACTCGCAGTATTTATATTCCATATAGC AG AGCTCCAAACCCAATGCTCCCAGAGCAGCCGATGTG
2598

JCAGACCTGAOCAGTGAAGATGGTATTCTG)GTGAGAGAAACTAATATTATGTCAGCGTCTAAACCAGTGACATATATCTCAAGGCATTGCAGCTCCTTCT

2697

GGACCTTTCAGCTGTT4WTTCTTGAAGGTTGCAGTTACGAGGCCÄCAAAGACCAGCAGGGTCCACATTATCCAGTTATTCGCATTGGGATTA^^

2797

ААТТСААТССТЛСАСТАТЛСТСТСТСТСТТТСЛТАСАТСТАТТТТСТАТАТТССтеТТТАТТС«

2897

СГІТАТТСААТТАТТАТТСТТТСАТААТААТААТТАСААСАССТСГГААТТССТТСАТТСАСТТ;ТССССТСАААССАТТТАСХАТСАССТТААС^

2 9 9 7 АССАСЛТТСЛТСАААССТГГСДССТАСТтеТАШССТАТТПАСЛТОАССМГТАТТГГТЛС^

3097

ATTTCCGArrrTAAAATTCAAGATTTAAGCTÎMCCATACAaSATAATGATCCAGCTTCAGTTTGGCAAGGTCATCCACTTCALlTOCT»^

3197

CAATATGCCCACCAACTGGAAaTCTTTAATATTGGCrrAATTCAAACCTTCAGCCCTACAAGCCCAACGATCTGATTACAACaîAAGAGAATGGATGCGGK

3297

ACACITCAACTAGCCAATGTGGTCCTCGATAGCCAAAAACATCAJUUkCTCCCTGATGGACACCCATTGCAAACCCTCATACATTOGCAOATATCGATCTA

3 3 9 7 AAGAACTGATTGCGGCCATGTTAATCTGCCCGTGCATGGCCACCTlTKAAACCCAAAACATTCTrGAGCTGAACATTTTGCCCAT l^'l 'ГГГААТТААСА
3 4 9 7 ACTAGCTATGGTTTCTGTTATTTTTCGCACTAAAAAAGACAJWCIUlGTATAATCACTATTTGGCTGTCACTTCTTtîTCCCAAAGAAC^

3597

ATAAAAAGTCCACTGAGAAGCTXrCTCATMTAAGTTGCTTAAAGCCTUCIIA-'ri'AGATAAGTGAGAOOTTIblTTGAC^ATCTTCACTAAAATC^^

3697

TTTGTTCrrAAAAAAACTCAGACATTTGAATTTGTClUWTGTXnWCTCAATTTOGAAACA

3797

TCTCCCCAAATACATTTATTTTTAAATGTTTAATGTATATaÄAACAACTTTTTATTTTTAATAAATGCGAGTTCTTTCCTTATAAGATT^

3 8 9 7 ATATTTTGTCAGCCTATGACALTTl Π ΤACATTCATATATTTATATCTGATACATCGATG111 '1 IVI 11111111AAAAAGTATTTCCAATCAGTCTACA

3 9 9 7 GAACTTTCTCCTTTOCAATCTCTTGATGAGCTa^TTGTCTTATAtJtCATTTTATGTTAAAATGTCTATCœTTtHC^^

lAGACAAAG

4097

CCTCCTTCATAATCTAGAACACCGATC.CCCOACCTTTrTTACCCATGAGCCACATTCAAATATAAAGAGTTGUGAAGCAACACAACAATTAAAAAAATCA

4197

AACAACTCCTGTGATTGGCTATTTTWTACCCCCTACATGAACTraKAGCCTACTAGAGGTTCTGTTTGCCAG'nTIVTATGCAGCCAAAACTTGCCT

4297

AGCCTCGAATTCAAAAATAAGCACCTCCTrrCAGGCCACltïAGAGCAACATCCACCCGCTTGGAGACCAACATCCACTTGAGCCrCTAGTTGGAGATCAC

4397

TGCTCTAGTCCAATGGCATATACTATCAGTTTCTTCCAGGCATATCCAGAATTCTAACATTTTTGCAT^^

4497

САААСГПКАСАТТСАТАТТТСАААААААТААСААААіилССТСТТСООТТСАСГГСТТССТССААОТАААСТСАТАІЮАСТСТСАССААТС^

4597

ACTCGGCATCCAGCATTCAGCAAT«WCCAAATreCAAAAAGATTTIUUUÍTATTCTGATTTfcCCTGAATCCAAGCCATATCCAAAT¿rTTL.|JCAACAGA

4697

TACATATACCCCAAAATTTTGÍ^ATTTCCTCAAATACrAAATCATCCACAAAAGATTCAGCCCAAACACCAAACTCAAAGTTGTAACTTAAATTTGAGAA

4797

AAGAAAAACTGTTAAGTTTAOATGCTCATGAcrrecAAAGGGTCTAAAAGAAAGTAGGAATGCCAGAAATCCAGGAATCGCCTTAATCTTGTGTCTCGTGA

4897

AATAAAAATAGAGGCAAAACTGAATT-CAGAGCATCCCTAGTTTCTTCTGCCCAAGGTCTGATAAAGCAAGTCCAGATAGAGAATATCCACTAATGATACT

4997

ACCTAACGAGATATATTTTTTTGTCCCTOGTAG|GAATGCATTAAGOCAT^TAAAATCGATCTCTCAGCrCAATCGCCTGTCTTTCCTCGAAACCCACAT

5096

TTGCAACCTTTGTCGGAAAGTATCCXAAAATATGTGATGACCCATTTTCGCIMKAATAAATTCOGAAGAAGAAACAACACAGGGAATGATGGGAGCAGTG

5196

GACCATACAAACCCCAAGATATTTCTAATTACCCTGTRTTGAACTTATTTCCCTCCAGTGACAATCACAAlTÎCTCJAiKCGACAACATGGAAGAGCAACÎ

5296

AATGGACAGGCAAGKCAATAAGAGAGCCTACTCTA14»AACACTTCCGATGGGGAAAACinVTTGGAAGAAAGAGCAGGCCCATTAAGCTGTACCCTAAT

5 3 9 6 GGAGTGGAAGAAG ACTCCGCTG AG ACCTTCCCCATGGAGTTGAGAAG AGAATTATCCCTACAACTTC ACT ACCCAG AAATCG ACTTGG ACG AGG ACATTG
5496

AAGAaUlTGAGGTGGAGAGAGCATTAACCAAGAAAAAITHKAACTATAGGATVCATCAClTTCGTTGGGGTAGTIX^CCCJUU^GATAAGAGGTACGGUG«

5S96

AriTATGACTCCTGAGAGCAGCCAGACACCTCTAATCACTCTTTTCAJUUÜÍTGCCATCATTAAAAATACCCACAAlÜUtGGGTCTCTAGGGATCATTAGCG

5696

TACTOTTTCCATCCAGAGCCCCATCCAGATGCACCACCATGTTTTCAATAGATACACTTCCATTCCATCaWTCATtüUVTGAATCTTCTTTGTACTAGCA

5796

TArTTATCACACTrrTrrCACrciUtTCTTTn^CTCL-rtirriIJCCTTACTrHMAAAGTACAATACCGGAAACTCTÏCGATAAAATCCTC

5896

GTTGTACATATAGAAAGAAATAlUÍTGATTATATGAGraJUUWTCGGATTTTTTTCAQTTTwn-AAATTArrTTCATAT^

5 9 9 6 TCTAAATGAATGGAAAAATAAAACTTTCAGATCTTfAcrecCTATCTGAC'PGTTCA'ri 1 l i l IIATTGATGCCTATATCTACAOCOTATTQATATCTATA
6095

CAGCWCATTGATACCTGTATATTTGGCGCACTAATCTATATATATATATATATATATATAJUUiaUWÏGCAAJWTTGTWrrCACa^CTJUiT^^

6195

ATTAGGOXWKTCCAATGAOGCTGTGACCACAAAATACATKTAGACAAATACAAGATTCCTCTGCACTCAACCCATTATCJUTATATTTAACACAGAGA

6295

CATTTTGTGCTACTGCTACTCAAAAATCeCTTAC«nTTAAAauüÜ*CAIMMATTGTTTGTCCATATATTACAATATATTTAAGCTOAAC^

6395
6495
6595
6695

6795
689 5
6995

СЛОТСАТСССАТАТСТССССАОТСетАСССТСААТТТТАТСТОАИСАетМаіЛТТСТАТТССИМ^
TGCAACTTACTTGCTGCTTTCAAAGTAAAACTCCCAAACTTtKCTGCCCTTTTAlTAGACACCAGTOOGATCACGTCACrATAGCnOaAAGGOTCGGAO
CTACUCATGGAGCTGGTCACTGCTCCTGTATAAACTATAACAAACAAGGGAAAGTTGTGCTCACCACTAGTTTTTAAAAACATTAOCCOeOGGTGCAAT
GACCCTGTChCCACAAAATACATATAGAAAATCCACGACCTCCAGCTCTACTCAGGTCATCCCACT«

CTAACCAGGAGTAGCCCTACCGCCTCTCTCATCAAAcCAAATCAAAAGGAAGTACAAACCAAGTTCCAACCrroTAGGGATTCCJUÜUUTCTC^
АТТСТТСАССАТААСАСАААААСАСОС4ЖСТТШАГГААашТСССАСААСАСТСТаТТАОаААССТСССССАТААЛТАА(Н^СССТССАССАСТТТСС^
GCTATCTTAGTtKTGGCCTCACCACATAATATATATAATACCCATATATWWTATAGAGAGAGAOATATTATTCTCTACATACAGACCCTCCACTTTTCC

7095

TCTTClTTACACTGAGGTcywAGCCAAAAACATTGArcATACTTCATTCTTTTTGTACATTTGTTCCAC^

7195

AAAGGCATCACTÏKAAGGCAATfÜiCCTTOGCTGCACAACATGTÏCTTAnAGCCGGGGCCCCACCATTATCCTTTACTAAACAacncCGGAAA^

7295 GTT — 3
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( 5 ) GAACATCCTCCCCCCGGCCCAGCCGGAGCCGCCCCAG ι GCAGCTTCCCCCTG KCACJ
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Fig 3 Alignment of the promoter region and first exon of the Xenopus laevis, human, rat, mouse and
bovine POMC genes Numbering refers to the Xenopus nucleotide sequence
Colons indicate gaps which
have been introduced to achieve maximum similarity AstensL· (*) indicate nucleotides conserved among all
species, open dots (o) indicate nucleotides conserved between Xenopus and all mammalian species except
one The regions (indicated A - S) in the aligned sequences which comprise four or more
identical
nucleotides and which show at least 65% nucleotide sequence identity between all species (two open dots
equal one asterisk) are boxed Protein binding DNA sequences in the rat (Themen and Droum, 1991, Riegel
et al , 1990) and mouse (Bishop et al , 1990) sequences are underlined
The mammalian sequences have
been 'taken from Nakamsht et al (1981), Cochet et al (1982), Notake et al (1983), Takahasht et al (1983)
and Droum et al (1985)

determining the efficiency of transcription initiation (Chambón et al , 1984) Sequences
similar to the CAAT-box were found [-45, CAAT, -249, ATTG (the inverse
transcriptional orientation, ITO), -261, CAAT, -303, CAAT; -323, ATTG (ΓΓΟ);
-376, ATTG (ΓΓΟ)], but these sequences are not very well conserved among the five
species and thus they may be unimportant for the regulation of the POMC gene.
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Structural analysis of Xenopus POMC gene В
Nucleotide sequences at positions -428 (CCAAATAAATGG;
(CCATTATGAAAG;

part of box B) and -275

part of box G) are similar to the serum-responsive element

(SRE, consensus CC[A/T]6GG; Treisman, 1986). These Xenopus sequences show
similarity with the mammalian POMC gene promoters (regions -428 to -418 and -275
to -264, respectively). That a serum factor enhances POMC gene transcription,
possibly through this SRE-like sequence, is suggested by the facts that (a) in vitro
incubations of Xenopus neuro-intermediate lobes give rise to reduced amounts of
POMC gene transcripts when fetal calf serum is omitted from the incubation medium
(B.G. Jenks, personal communication) and (b) both regions of the rat POMC promoter
were bound by a protein in an in vitro binding assay (Therrien and Drouin, 1991).
Nearby a nearly perfect (6/7) activator protein-1 (AP-1) binding site (TGACTCA) in
exon one (+38, TGAATCA), another region of similarity is identified (+31; box R)
which is in the rat POMC promoter a protein-binding sequence (Therrien and Drouin,
1991). Recent work on the mouse POMC gene promoter revealed an AP-2-like
element (-115, CCTCC) which was bound by a nuclear protein extracted from AtT20
cells (Bishop et al., 1990). In the Xenopus POMC promoter two AP-2-like elements
occur (-70, CCTCC; -106, CCTCC), one of which is conserved among the POMC
gene promoters of the five species (box L). AP-2 has been shown to mediate a
transcriptional response to both phorbol esters and cAMP through a single sequence
element (Bishop et al., 1990). Phorbol esters as well as cAMP stimulate POMC gene
expression in rat intermediate lobe cells (Eberwine et al., 1987; for review see
Lundblad and Roberts, 1988). In the Xenopus POMC gene В promoter, as in the
mammalian

counterparts,

no

sequence

with

significant

similarity

to

the

cAMP-responsive element (CRE, TGACGTCA; Montminy et al., 1986; Comb et al.,
1986) is present. The fact that POMC gene transcription is influenced by с AMP,
whereas no conserved CRE is present, might be explained by an indirect influence of
cAMP on POMC gene transcription, e.g. through proteins binding to the AP-2-like
element (box L) described above. The finding that the influence of cAMP on human
POMC gene transcription in rat glial cells could be attributed to a promoter region
containing box L (Usui et al., 1989) supports this suggestion.
Drouin and co-workers (Drouin et al., 1989b) recently reported that repression of
transcription of the rat POMC gene in AtT20 cells occurs through binding of the
glucocorticoid receptor (GR) to a negative glucocorticoid responsive element (nGRE;
-65, CGTCCA). In many

genes

the GR enhances

transcription

through

a

glucocorticoid-responsive element (GRE, ACANNNTGTTCT [Yamamoto, 1985]; N is
any nucleotide). DNA stretches similar to the nGRE or GRE elements occur in the
Xenopus promoter (-153, ATCATCTGTTCT; -204, TGTCCA; -372, GGTCCA),
while another nGRE-Iike sequence is present at a similar position as in the rat POMC
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promoter (-66, CGTTCCA, not boxed) Inhibition of POMC gene transcription by the
GR is thought to occur through competition for binding

sites of GR with

transcnpbon-stimulatmg, fraru-acting factors (Drouin et al , 1989a) In this connection
it is noteworthy that the nGRE-like sequence at position -66 in the Xenopus promoter
is flanked by an AP-2-like element (-70, CCTCC) and by a CAAT-box-like element
(-61, CATT), whereas

the nGRE-like sequence at -372 is flanked

by two

CAAT-box-like sequences [-368, CAAC, -376, ATTG (ITO)] Proteins binding to
CAAT-box sequences are known to stimulate transcription, indicating that competition
of such proteins with the GR for their binding sites might indeed be the mechanism
through which inhibition of POMC gene transcription by GR is achieved For many
steroid-mducible genes it has been found that sequences identical to a CACCC-box are
m the direct vicinity of GRE sequences (Schule et al , 1988) Furthermore, for the
tryptophan oxygenase gene a functional link between a CACCC-box and a GRE has
been reported (Schule et al , 1988) It is interesting that in the POMC promoters of all
species examined

the nGRE at position -65 is flanked

by a

well-conserved

CACCC-box (-57, box O) In addition, two other GRE-like sequences are found [ + 2,
AGAACACAGGCA (ITO) and +103, ACATAATGTCTT], but they are not flanked
by a CACCC-box

Riegel et al

(1990) and others (Themen and Drouin, 1991)

recently demonstrated specific binding of a protein factor (PO-B) to the rat POMC
promoter (-21, AGAGAAGAGTGACA)

Part of this promoter region is highly

conserved between the Xenopus and the mammalian POMC genes (-5, box Q) and thus
it might be functionally

significant

Box S comprises part of the exon-intron

splice-donor site of exon one of the POMC genes Of the conserved regions described
above (B, G, L, O, P, Q, R, S) only boxes О and Ρ are not bound by proteins in the
rat POMC promoter, this binding assay did not include box S (Themen and Drouin,
1991)

In addition to these boxes, other regions of nucleotide sequence identity

between the Xenopus and mammalian POMC gene promoters are found Some of these
additional boxes (A, D, I, M, N), but not all (C, E, F, H, J, K), appear to be
protein-binding DNA elements m the rat POMC gene promoter (Themen and Drouin,
1991)

It remains to be established which of these sequences are functionally

important
Comparison of the entire nucleotide sequences of the Xenopus and human POMC
genes
Of the mammalian POMC genes, only the complete nucleotide sequence of the
human POMC gene has previously been reported (Takahashi et al , 1983). A
comparative analysis of the Xenopus Iaevis and human POMC genes revealed
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significant similarity only between the protein-coding and promoter regions.
Stretches of DNA with a high G + C nucleotide content and with a high frequency
of the CpG dinucleotide are called CpG islands; they are mainly found in 5'- and (to a
lesser extent) in 3'- flanking regions of genes (Bird, 1986). In contrast to the bulk of
CpGs in vertebrate genomic DNA, CpG islands are in general non-methylated and
therefore may be important for transcriptional regulation (Bird, 1986; Lindsay and
Bird, 1987). Analysis of CpG islands in Xenopus POMC gene В showed that, in
contrast to its human, bovine, rat and mouse counterparts (Gardiner-Garden and
Frommer, 1987), the Xenopus gene is not CpG-rich in the 5'- and 3'- flanking regions
(M. Gardiner-Garden, personal communication). It is possible that this difference in
occurrence of CpG islands is related to the differences in POMC gene activity between
these species, e.g. due to the necessity for extremely high transcriptional activity of the
Xenopus POMC gene in the pars intermedia of black-adapted animals.
Internal repeats and repetitive elements in Xenopus POMC gene В
A search for internal repeats by a comparison of Xenopus POMC gene В with itself
revealed several interesting features (Fig. 4). A so-called simple sequence is present in
intron A [(TATC)76, nucleotides 998-1527; I in Fig. 4]. Simple sequences occur in the
genome of many species (Epplen, 1988) and are known to be frequently-used sites for
recombination (Stoekert et al., 1984). Interestingly, intron В contains a cluster of
relatively long direct repeats (4448-4490 and 4640-4683; 4478-4531 and 4748-4804)
and potential stem-loop structures (inverted repeats, 4440-4491 and 4602-4655;
4610-4636 and 4713-4739; 4835-4880 and 4905-4948) in a 508-bp region just upstream
of exon three (4440-4948; VI in Fig. 4). In addition, in intron A and downstream of
exon three potential stem-loop structures (2336-2369 and 2371-2401, III in Fig. 4;
6058-6090 and 6100-6130, VU in Fig. 4) and in intron В a direct repeat (2839-2872
and 2886-2917; IV in Fig. 4) were identified. The significance of these elements and

0

2

4

6

8 къ

Fig. 4. A schematic representation of the locations of repeats in Xenopus POMC gene В and its 5 '- and 3 'flanking regions. The repeats are indicated by roman numbers: I, simple sequence (TATC)7¿ II, JH12
repetitive element; III, TV, VII, internal repeats; V, POR repetitive element; VI, cluster of internal repeals;
Vili, REM2 repetitive element. For reference, the locations of the three exons of Xenopus POMC gene В are
shown by closed boxes
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of the observed clustering is unclear.
Comparison of the flanking and intron sequences of Xenopus POMC gene В with
nucleotide sequences of DNA databases revealed a repetitive-EcoÄI-monomer 2
(REM2)-like repetitive element downstream of exon three (6149-6452; Ш in Fig. 4)
which shares 94% identity with REM2 (Hummel et al., 1984). REM2 repetitive
elements (approximately 5000 copies per haploid genome) can be present dispersed as
well as clustered in the Xenopus genome (Hummel et al., 1984). No function of this
repetitive element is known. Intron В contains a sequence (V in Fig. 4) which is
present in or nearby several other Xenopus genes. This element can be inserted in
either orientation in front of a gene [histon IB gene (Perry et al., 1985), DG42 gene
(Rosa et al., 1988)], in an intron [POMC gene B, UI 70K gene (Etzerodt et al.,
1988), L14 gene [Beccari and Mazzetti, 1987]) or downstream of a gene [histon 2B
gene (Perry et al., 1985)]. Alignment of POMC element V with the other genomic
fragments revealed a consensus sequence of 330 bp. This novel repetitive element
contains a nearly perfect, inverted, terminal repeat (Fig. 5). The presence of a
terminal, inverted repeat is indicative of a transposon-like element. However, target
duplication, which is another feature of transposons (Garrett and Carroll, 1986), could
not be found. We propose to call this novel Xenopus repetitive element the POMC
repetitive (POR) element.

(1)
(2)
(3)
(4)
(5)
(6)
(7)

XLPOMC
XLHIB
XLU170
XLH2B
XLDG42
XLL14
CONSENSUS

fi)
( 2)
( 3>
(4>

ι ι : : iCAAACAAGTGCTGTGATTGGCTATTTiGOTAGCCCCTACATGAACTGGCAGCCTACTAOAOOTTCTGTTTGGCi ι ι t ι t ι ι ι ι AOTTTTGTATGCAGCCAAAA î CTTCCCT
CTTCCCAAATATGAGCTTTGATTAACTAI I ICTGTAGCCCCTATCTGAACTGCCAGCCCACAGCAAGCTTATTTTGGC ι AGTATATCTAGTTTTTTACTCAACCAAAA ι CTTCCCT
CTATGAAAATAAGCGGTGCGCTTGGCTATTTATGTAG ι CCCTATTTGGACTGACACACTACAGCCGCCTCTGTTTTGC : AGTACAACTGCTTTTTC ι TGCA î CCAAAAACTTCCTT
GCTGCCAAATAAGGGCTCTGATTCGCTATTT ι GCTAA ι CCCTATCTXWACTGCTAGCCTACAAGAGCTTCTTTTTGGCCAGTACACCTCGCTTTTATGCAA t CCAAA : : CTTCCCT

(7)

CTTCCCAAATAAGNCCTCTGATTGqcTAnTCCCTAGCCCCTATGTGAACTCCCAGCCTACAGGACCTTCTGTTГЬСССАСТАСАНСТАСmmATCCACCCAAAAACTTGCCT
AT
G
C T
G
A

I1)
(2)
( 3)
{4)
(5)
(6)
(7)

t CAGGGArTCCCCGACCTTTTTTRCi tl it it tiCCATi Ε ι ι CKGCChCftTTCMATITMLA ι I i G K G T T G G G M G C M C A C M C M T T A A A A A A A i T i t : i:il
ι
CAGGGAlTCCCCAACCATTTCTACCTCTGhGCTCTACCTCTGIlGCTACATCCAAATCTAATTCCAAGTTGGAGAGCAÄCACAAGCATGCAAAAAtGTTÄCTTTA
t CAGGGCtTCCCCAACCTTATTTACTTGTGAGCCACATTTAAAAGAAAAAAAATAATAn
GAGTTGGAGAGCAACACAAACATG I IAAAAIGT ι CCATGG
t
fCCAGACllTlTl I'iUOCATCAACAACATTCAGATGTAGAA1111111 111111 ιGCAGTTCGιGAGCAAAATAAGCATGAAAAAAGGTTCCTGGG
:
:
ι
САОООАЛТССССААССТТГТТГАСНТНТСЛССНССАТТТАНСАССААСАТМСАААТАТАААТСССАСТТССАСАССААСАСААОСАТСАААААААСТТССТТСС
5
^
Α
Α
Α
Τ
G

CCAAGCCTGGAATTCAAAAATAACCACCTCCTTTGAGGCCACTGAG ι AGCAACATCCACCCCCTTGGAGAGCAACATGC ι ACT I ι TGAGCCTCTAGTTGGAGAITCACTC
CtATGCCTGGTATTAAAAATTAAATGCCTCCTOTGAAOCCACTAGCiTGCAACAT"·-«-«··—-/59
Ьр/—-—··—«TTCACTTCGCCATTCAGCC
CCGAGCCTCGAATTAAAAAATAAGCACCTGCTTTGAGACCACTGCC ι AGCAAAATCCAAGGAGTTGCTCAGCAACATCTTAAGCi TGGCCATAGATGTAAAGATTC ι ОТО
CCAAACCATTAATTCAAAAATAAGCACCTACTTTCAGGCCACTGGG t ACCAACATCCAAGGGCTTCGTGAGTGACATGTT ι : ι
ССТООТТССССАТТАСТТС
«GAATTCAAAAATAAOCTCCTCCTTTGAGGCCACTGCCCAOCAACATCCAAGGGGTTGCCGAGCAACATCTTACTCACGAGCTACTOCTTGGGGAT ι CACTO
•AATTCAACAATAAGCACCTGCTCTCAGCCCACTGGGtAGCAAAATi : ι iGt ι ι ι ι ι t ι ι ι ι
TTACTCACAAGCCOCTGGTTGCGGAC ι CACTO
CCAAGCCTGGAATTCAAAAATAA<^A<XTGCTTTOAIWCCACTCCGGAGCAACaTCCAACO<MTTraTOACKJU«aTCT^ACT^

Fig. S. Alignment of the nucleotide sequences of a number of Xenopus POR repetitive elements. The deduced
consensus sequence for the POR element is given. Colons indicate gaps which have been introduced to
achieve maximum similarity. Asterisks (*) indicate that no more nucleotide sequence was available. An N
indicates any nucleotide. The end of the region of similarity is indicated by 0. An unrelated region is
indicated by = =11= =. The terminal inverted repeat of the POR consensus sequence is indicated by arrows.
Except for Xenopus POMC gene B, the POR nucleotide sequences have been taken from Perry et al. (1985),
Beccari and Mazzetti (1987), Etzerodt et al. (1988) and Rosa et al. (1988)
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Intron A of Xenopus POMC gene В contains a repetitive element (1562-1876; Π in
Fig. 4) previously described as the JH12 repeat (Meyerhof et al., 1990). Alignment of
the POMC JH12 repeat with gene sequences found in the databases revealed that the
JH12 repeat is actually longer than the JH12 core region previously reported. Our
comparison led to a 335-bp JH12 consensus sequence, showing 82-93% identity with
the JH12 sequences (Fig. 6). The terminal regions of the JH12 consensus sequence
form a nearly perfect inverted repeat of 30 bp. Analysis of the JH12 consensus

XLPOHC
XLACTIN
XLTFIIIA
XTBGLOB
XLPPPGL«
XLBGLOBII
XLBGLOBA
XLVITA12
XLVITA1
(10) CONSENSUS:

ATATACAGATATGGGATCTGTTATCTGGAAACCCGTTCTCCA:AAAAATCCCAATTATGGAAACCCATTAACCCATAG
AAATACAGGTATGGTATCGATTATCCGGAAACCC:: : : : : :AGAGAGCTCTGAATTACAGAAAGCCTGTCTATCATAG
ATCTACCGGTATGTGATCAGTTATCCAGAAAGCC
::::::::::CGAATTACAGAGAGGCCGTCTCCCATAG
ATACAGTTGTGGGATCCCTTATCCAGAAACCCATTATCCAGAAAGCTCCAAATTATGGAAAGCCTGTCTCCAATAG
«CCGTTATCTGGAAAGCTCCGGATTTCAGAAAGGCCATCTCT:: : : :
•GGATCCCTTGTCTGGAAACCAGTTATCCAGAGGGCTCCAAATTATGCAAAGGCCATCTCCCATAG
TATTACAGGTATGAGATCCCTTTGCCAGAAACC: : I : : I : I :GAI I ! I : I :GAATTACGGAAAGGCCATCACACATAG
CTATACAGGTATAACATCTGTTATCTGGAAACTAGTTATCCAGAAATATCCAAAATATGGGACGACCATCTCTCATAG
ATATACAGGTATCGGATCCGTTGTCGGGAAACCCATTATCCA
: : I : : AATTAAAGAAAAGCCATCTCCCATAG
i.
i.
ATATACAOOTATOOOATCCOTTATCCOOAAACCCGTTATCCAGAAAGCTCCGAATTATGCAAAGGCCATCTCCCATAG
^
С

( 1 ) CCTCCATTTTATCCAAATAATTCACA : : : : :::.-:: I : : : t : : : lTACCTCTTTCTGT:GTAATAATAAAACAGTCGCGTGTACTTGATC
( 2 ) TCTCCACTTTATCCAAATAATCCCA
: TTTTTTAAAATG ι TCCTTTTTCTCTGCAGTAATAAAATAA : : : TACCTTGTACTTGАТС
( 3 ( A C T C C A T T T T A T C C A A A T G : : I : t ι ι : : : : : : T T T A A A A A T T : A T T T C C C A T T T G T C T A G T :::::::: A A C A G T T C C T T G T A C T T T A T C
( 4 ) ACTCCATTTT AATCAAATAATTCAGA : : : : : TTTTTAACATTGATTTCCTTTTT : : CT : GTAATAATAAAACAGTACCTTGTACTTG АТС
( 5 ) : : TCCATTTTATAAAAATAATAAAACA : : : : : TTTTTAAAATGATTTCCTTTTTCACT : GTAATAATAAAAAAGTACCTTGTACTTTATC
( 6 ) ACTCAATTTTAATCAAATTATTATTATTTTTTTTTTACAAATTAATGCCTTTTTCAAT : GTATTAATAAAACAGTACCTTC
АТС
( 7 ) A C T C C A T T T T A T C C A A A T A A T A T A T A TTTTTTTTTTAAAATGATTACCTTTTTCACT : GTAATAATAAAACAGTACCTTGTACTT : АТС
TTTTTAAAAAAAT : АТСТТСТТТГТСТТТ : GT AAT AAT AAAACAGTACCTTGTATTTG АТС
( 8 ) ATTAAATTTTAAACAACTAATTAAA :
: .TTTTATAAATGATTTCCATTTTCTCTiGTAAAAATAAAACAGTACCTTGTACTTTATC
( 9 ) ACTCAATTTTATCCAAATGATCCAAA
(10)

АСТССАТТТТАТССАААТААТТСА^ТТТТТТІТТГАААААТСАТТТССТТТТТСТСТАСТААТААТААААСАСТАССТТСТАСТТСАТС

(1)
CCAACTAAGATATAATTAATACTTATTGGAGGCAAAACCAICCTATTCGCTTTATTTAATGTTTATATGATTTTCTAGTAGACTTAAGGC
(2)
CAAATTAGGATA:AATGAATCCTTATTGGAGGGAAAACCAACCTATTGAGTTTACTCAATGTTTACATGATTTTCTA: ι : : : : : : : : : : :
( 3 ) CCAACTAAGATATAATTAATCCTTATTGGAAGCAAAAC : : TC : : : TTG ι GTTTAGTTAATGTTTAGATGATTTTCTAGTA ::::::: GGT
( 4 ) CCAATGTGG ATATAATTAATCCTTATTGGACGCAAAACAGTCCTATTGGGTTTGATTAATG ι I I I : : : GATTA : TTAGTAG ACTTAAGGT
(5)
CAAACTAAGATATAATTAATCCTTGCTGGAACCAAAACCAGCCTATTGGGTTTATTTAGTCTTTACATGATTTTCTAGTAAAATTAAGGT
( 6 ) CCAAA : : : : : : : : : : : : : ι : : t t ι ATTGCAGGCAAAACAATCCAGTTTCTTTTATTTAATCTTTAAAT : ATTTTTTTTAATATTGTTTT :
( 7 ) CAAACTAAGATATAATTAAACTGTACTCGAAGCAAA ::::::::: TTGCCTTTATTTAAAGTTTAAATGATTTTCTGCTACAGTTAAGGC
(В)
ACAACTAAAATATAATCCATCCTTATCGGAAGCTTAACCGGCCTATTGGGTTTATTTAATGTTTACATGATTTTCTAGTAGACTTAA#
( 9 ) CCAACTTAGAT : : AATTAATCCTTATTTTAAGCAAAACCAGACTATTGGG/
(10)

CCAACTAAGATATAMTAATCCTTATTCGAAGCAAAACCATCCTATTGGCTTTATTTAATGTTTACATGATTTTCTAGTAGACTTAAGGT

(1)
(2 )
(3)
(4)

АТС ι ι : t : : : : AATTACAGAAAG ATCCGTTATCTGTAAAAACCCCAGGTCCCAAGCATTTTGGATAACAGGTCCAATACCAGTGTGT
ITGAAGATCAAAAI : : : : GAGAGATTCCATTTCTGAAAAAATCCCAAGTCCCGAGCATTCTCGATAAAAGTTCCCATACCTGTATAT
ATAAAGATCCAAACTACAGAAAGATCTGTTAAAAGGAAAATCCC : AGCTCCAT : GCATTCTGG ATAACAGGCCCCATACCTGTACTA
ATGGAAATCCAAATTAAGGAAAGACCCCTTATCCAGAATA. CCCTTGCTCCCGAGCATTCTCGATAATGGATCCTATACCTGTACAT

( S)

ATGAAGATCCAAATTACGGAAAGATCTGTTATCCAGAAAA.

(6)
(7)

: : : : : С ATCCAAATTACAG AAAGGCCCCTTATCCAGAAAAACCÍ
ATGAAGATCCAAATTACAGAAAGATCCATTATCCTGAAAACTJ

( 10)

CCCCAAGTCCAGAGCATTCTGCATAATAGGTCCCATACCTGTACAG

ATGAAGATCCAAATTACAGAAAGATCCGTTATCCGGAAAAACCCCAGGTCCCGAGCATTCTOOATAACAOOTCCCATACCTOTACAT
A
T
-s

Fig 6 Alignment of the nucleotide sequences of several Xenopus JH12 repetitive elements The deduced
consensus sequence for the JH12 element is given. Colons indicale gaps which have been introduced to
achieve maximum similarity Asterisks (*) indicate that no more nucleotide sequence was available. An N
indicates any nucleotide. The end of the region of similarity is indicated by #. The terminal inverted repeat of
the JHI2 consensus sequence is underlined and internal repeats m the JH12 consensus sequence are
overlined by arrows. Except for the POMC gene, the JH12 nucleotide sequences have been taken from
Mohun et al. (1986), Tso et al. (1986), Knöchel et al (1987), Kuchler et al. (1989), Tremea et al. (¡989)
and Meyerhof et aL (1990)
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sequence shows that portions of the inverted repeat are internally repeated (18-31 by
33-46; 293-300 by 316-325) and that, besides the inverted repeat, other potential
internal stem and loop structures are present (83-100 with 103-121; 162-182 with
183-202). The JH12 element is not species-specific because our database search
revealed that it is also present in Xenopus tropicalis (Fig. 6). This repetitive element
can be located in either orientation in front of a gene [Xenopus tropicalis larval
j8-globin gene (Knöchel et al., 1987), larval /3-globin II gene and adult /S-globin Al
gene (Meyerhof et al., 1990), vittelogenin gene Al (Tremea et al., 1989)], in an intron
[POMC gene B, transcription factor ΠΙΑ gene (Tso et al., 1986), prepro-peptide with
amino-terminal glycine and carboxy-terminal leucinamide gene (Kuchler et al., 1989)]
or downstream of a gene [cardiac actin gene (Mohun et al., 1986)]. The presence of a
JH12 element in a number of genes indicates that this element is dispersed throughout
the genome. However, since Southern blot analysis of ß^/II-digested Xenopus laevis
genomic DNA with a JH12 probe did not only reveal a smear but also discrete bands
(Fig. 7), clusters of JH12 must be present in the genome. These results are in line with
data of Meyerhof et al. (1987) showing that in the Xenopus laevis genome JH12
repeats can occur both as clusters and as dispersed elements. In order to determine the
relative occurrence of the described repetitive elements in the Xenopus genome,
1
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Fig. 7. Southern blot analysis of BglU-digested Xenopus genomic DNA using the repetitive element JH12 as
a probe. Each lane contains 10 ßg genomic DNA from one animal
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Southern blots of Xenopus POMC gene В fragments were hybridized with a probe
derived from Xenopus genomic DNA. This analysis confirmed that the REM2 and
JH12 repetitive elements belong to the families that are moderately and
highly-repetitive, respectively (Hummel et al., 1984; Meyerhof et al., 1987). In
addition, the simple sequences [(ТАТС^] were found to be part of the family of
highly-repetitive elements, while the POR repetitive element is a member of the family
of low-repetitive elements (data not shown).
To examine a possible expression of JH12 in the Xenopus pituitary, we screened
2000 clones of a pituitary cDNA library with a JH12 probe. Of the 26 hybndizationpositive cDNA clones, two clones (pXhl and pXhlb) were sequenced. Fig. 8 shows
the alignment of the nucleotide sequences of these clones with the JH12 - and 6F11
cDNA clones isolated by Meyerhof et al. (1987) and Meyerhof (1984), respectively,
the POMC JH12 sequence and the JH12 consensus sequence (given in Fig. 6). Clones
pXhl and pXhlb are not identical and thus must be derived from different parts of the
genome. All cDNA clones are more than 80% identical with the JH12 consensus
sequence.
(1)
(2)
(3)
<4)
(5)
(6)

CONSENSUS
XLFOHC
pXhl
6FU
pXhlB
JH12

ATATACAOOTATOOaATCCOTTATCCAOMACCCG ι ITTATCCAGAAA ι : : GCTCCGAATTATGGAAAGGCCATCTCCC
ATATACAGATATGGGATCTGTTATCTGGAAACCCGl 1 TTCTCCAI AAA I I ! AATCCG AATTATGG AAAGGCATTAACCC
TTAGTACAGGTATAGGATCCCGCTTCCGGATACCCGAGTAGTCCAGAACAGCATGCCGAATTAAGGAATCGG ι ι TCTCCC

(1 )
ATAGACTCCATTTTATœAAATAATTAAAATTTTTTTTTTAAAAATCATTTCCTITTTCTCTOTAATAATAAAACAC
(2) ATAGCCTCCATTTTATCCAAATAATTCACA
1 t I t • ι : : 1 I I :TACCTCTTTCTGTGTAATAATAAAACAGTCGCGTGTACTTGATCCCA
(3) A T ι ι ι ι ι
TATCCAAA
ι
u n i t AAAGTG ATTTCCTTTTTCTCTCT AAT AATAAAACAGTGCCTTGTACTTGATCCCA
(4)
fAACTAATTTAATGATTG 111 11AATAATAAAATAGTAGTTTCTATTTGAT ι ΤΤλ
(5)
(6)
(1)
(2)
(3)
(4)
(S)
(6)

ACTAAG ATATAATTAATACTTATTGG AACCAAAA ι CCATCCT ATTGOCTTTATTTAATCTTTAAATC ATTTTCTAGTAGACTTAAGCTATGAAGAT
ACTAAGATATAATT AATACTTATTGG AACCAAAA I CCA : CCTATTGGCTTTATTTAATCTTT ATATC ATTTTCTAGT ACACTTAACCCATGI I I I :
ACTAAGATATAATTAATCCTTAATGGAAGTAAAAACCAGACTATTGGGTTTATTTAATGTTTAAAATAATTTCTAGTAGAATTAAGGCATGAAGAC
ACTAAC ACACAACCAATI TTTCTCAGAGCTAAA I 1CAATTATATTCCCTTTATTTAATCTTTACATGGTTTTCCAGTACACATAACCTATG AAO AT
CCTATTGGGTTTATTTAATGTTTACATGATTT t : t ι t : ι : ι t ι 1 1 t t ι ι ι ι ι ι t t : ι
TATTGGCTTT ι Τ 1 IAATGTTTAC ATG ATTTTCTGGTAG АСА I IAGGTATG AAC AT

(1)
(2)
(3)
(4)
(S)
(б )

CCAAATTACAGAAAGATCCGTTATCCGCAAAAACCCCAGGTCCCGACCATITCTOOATAACAOOTCCCATACCI I I I • I IXOTACAT
: : IAATTACAGAAACATCCGTTATCTGTAAAAACCCCACGTCCCAACCAT1TTTGCATAACAGGTCCAATACCI
• I I 1 I IAGTGTGT
CCAAATTACAG AAAOATCCCTTATCTGGAATACCCCIATGTCCTGACCATTTCTGGATAACAGGTCCCATATC l u t i l i TCTACTT
CCAAACCATGGAAAGACCCCCCATCCGGAAAACTC t NAGGTCCTGACCAC t CCCGCATAAAAGGTCCCATACC t i t i l l i TACACAC
l i l t :AAAATCTGTTATCGGGAAAACCCCtAGGTCCCGAGTATl
iCTGGATAACAGGTCCCATACCCTTTCTATGTACAT
CCTAATTGCAG AAGGATCCCTTGTCTGGAAAGCCCCIAGGTCCCGAGCATITCTGGATAACAGGTCCCCTACC
TGTACTA

Fig, 8. Alignment of JH12 cDNA sequences, the JH12 consensus sequence and the JH12 repetitive element
of POMC gene B. Colons indicate gaps which have been introduced to achieve maximum similarity An N
indicates a not identified nucleotide The end of the region of similarity is indicated by 0. The terminal
inverted repeat of the JH12 consensus sequence is overlmed by arrows. The nucleotide sequences of 6F11
and JH12 have been taken from Meyerhof (1984) and Meyerhof et al (1987)
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Hence, JH12 transcripts could be identified in the Xenopus pituitary which is the
predominant site of POMC gene expression. Since Xenopus POMC gene В contains a
JH12 repetitive element and because of the findings described below, this element may
have a regulatory function in Xenopus POMC gene expression. Many arguments in
favour of or against a role of dispersed repetitive elements in the regulation of gene
expression have been presented (Davidson and Britten, 1979; Doolittle and Sapienza,
1980; Orgel and Crick, 1980). The mammalian Alu-repetitive elements and the long
interspersed

nuclear elements

(LINEs) can repress

gene transcription in rat,

irrespective of their orientation and position in the gene (Laimins et al., 1986; Saffer
and Thurston, 1989; Wu et al., 1990). With respect to JH12 it is interesting to note
that a JH12 repetitive element in the Xenopus laevis vitellogenin gene Al (Tremea et
al., 1989) may have a function in the regulation of transcription of this gene.
Furthermore, it is remarkable that, unlike most repetitive elements, expression of JH12
starts not earlier than the mid-blastula transition stage of Xenopus development. It has
been suggested that this differential expression may reflect a coordinated activation of
a battery of genes under control of the JH12 element (Meyerhof et al., 1987).
Therefore, the possibility that JH12 has a regulatory role in the Xenopus pars
intermedia deserves further attention.
In conclusion, Xenopus POMC gene В contains several potential regulatory
elements. We are currently studying the functions of these elements by means of a
homologous gene transfer system, namely micro-injection of Xenopus POMC gene В
and mutants thereof into Xenopus oocytes and eggs.
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Presence of Vi-Transposon-Like Elements in Xenopus Laevis
Proopiomelanocortin Gene A Does Not Affect Gene Activity
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SUMMARY
Restriction mapping of the two proopiomelanocortin (POMC) genes of the
South-Afincan clawed toad Xenopus laevis revealed that POMC gene A is much larger
than POMC gene В Here we report that this size difference is mainly due to the
presence of four vitellogenin (Vi)-transposon-like elements in POMC gene A, while Vi
elements are absent from POMC gene В Alignment of these elements with other Vi
elements revealed a consensus sequence of 463 bp which is bounded by a 16-bp
inverted repeat and flanked by a three-bp direct repeat Since the amounts of mRNA
produced by both POMC genes in the pars intermedia of the Xenopus pituitary are
similar, the presence of the Vi-transposon-like elements in POMC gene A apparently
has no effect on POMC gene expression at transcriptional or post transcriptional
levels.
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Vi elements m Xenopus POMC gene A
The South-African clawed toad Xenopus laevis is capable of adapting to the colour
of its background. This process of background adaptation is mediated by
Of-melanocyte-stimulating hormone (a-MSH) which is a processed product of the
precursor protein proopiomelanocortin (POMC) In the pars intermedia of the Xenopus
pituitary two POMC proteins are encoded by two mRNAs (Martens et al., 1985;
Martens, 1986) which are transenbed from two POMC genes (A and B). The presence
of two POMC genes is not surprising, because some 30 million years ago the Xenopus
genome underwent a chromosome duplication (Bisbee et al , 1977; Thiebaud and
Fischberg, 1977). Restriction fragment analysis of the POMC genes demonstrated that
POMC gene A is considerably larger than POMC gene B. Since POMC mRNAs A
and В have similar sizes (Martens et al , 1985, Martens, 1986), this difference in
length must be caused by a difference in intron sequences In this study we analyzed
the introns of the two POMC genes.

\

Л
4

/
Ч

\

/

Ч

ι

Н—tt-o—ü4

[!

•

ч

' Ш

1

fig. 1 Schematic representation of the two Xenopus laevis POMC genes and the relative positions of the
Vi-repelitive elements ¡n POMC gene A For reference, the locations of the three exons of the POMC gene
are indicated by closed boxes, m the Vi-repetiuve-elements, which are marked by roman numbers I to IV, the
locations of the inverted repeals are indicated by hatched boxes and the flanking direct repeats by black
boxes

Restriction mapping and nucleotide sequence analysis (data not shown) revealed
that intron A of POMC gene A (4367 bp) is much larger than intron A of gene В
(2435 bp), while introns В of both genes have similar sizes (2862 bp for gene A; 2403
bp for gene B). A database search revealed three repetitive elements belonging to the
family of Vi-transposon-like elements m intron A of gene A which are not present in
gene В (Fig. 1). The Vi-transposon-like element was first identified in the 5'- flanking
region of a Xenopus laevis vitellogenin gene (Schubiger et al., 1985). Since Vi
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elements appear to be present in about 7500 copies, which are dispersed throughout the
Xenopus laevis genome, they are classified as moderately repetitive elements.
Our study shows that the Vi-transposon-like elements in intron A of POMC gene A
are heterogeneous in size (488, 400 and 284 bp) and together make up 1172 bp of
intron A of POMC gene A (Fig. 2). Since the difference in length between introns A
of POMC genes A and В is about 1900 bp, the presence of the three Vi elements
accounts for most this length difference. In addition to these elements another Vi
element (462 bp) is found in intron В of gene A (Fig. 1). Four Vi-repeütive elements
have previously been reported to be present in Xenopus genes (Schubiger et al., 1985;
Gerber-Huber et al., 1987; Meyerhof et al., 1990). During our database search we
identified two novel Vi-repetitive elements, one in the Xenopus actin gene and one in
the gene encoding prepro-peptide with amino-terminal glycine and carboxy-terminal
leucinamide (Mohun et al., 1986; Kuchler et al , 1989) From the alignment of the
four Vi-repetitive elements in POMC gene A with the other Vi elements we have
deduced a consensus sequence for Vi elements that is between 65% and 86% identical
to each of the aligned sequences, except for the third element in POMC gene A, which
shows 91% identity with the consensus (Fig. 2). The generally low degree of identity
is due to the length heterogeneity of the various Vi elements which might be due to the
large numbers of TCGA tetranucleotides present (Taql sites; 30 in the consensus),
since it has been suggested that inverted repeats (like TCGA) can lead to formation of
deletions (Lehrman et al , 1987) It is likely that Vi elements are transposable elements
because the elements are bounded by a well-conserved 16-bp inverted repeat
(S'-GGGGCACATTTACTTA-S') and some of the elements are flanked by a 3-bp
direct repeat (Schubiger et al., 1985; Fig. 2).
It is not clear whether after genome duplication the Vi elements have been inserted
into Xenopus POMC gene A or have been deleted from gene B. However, the
remarkable finding of four Vi-repetitive elements in gene A and none m gene В points
to an invasion of Vi elements into gene A after genome duplication, because it is
unlikely that four Vi elements in the ancestral POMC gene should have been deleted
from POMC gene В but none from gene A.
When transposable elements are inserted nearby or in a gene, they can drastically
change the level of gene expression (for review see Georgiev, 1984; Kuhn et al.,
1990; Lowndes et al., 1990; Wu et al., 1990). Vi elements have charactenstics of
transposable elements and it has been suggested that Vi-related sequences have a
function m the regulation of estrogen-inducible gene expression (Schip et al., 1986).
We previously found that in the melanotrope cells of the pars intermedia of
black-background-adapted toads the amounts of POMC mRNAs A and В as well as the
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amounts of POMC proteins A and В are essentially the same (Martens et al., 1985;
Martens, 1986). Therefore, the presence of Vi-transposon-like elements in POMC gene
A apparently does not have a substantial influence on the level of POMC gene
transcription

or

on post-transcriptional

processes

in the pars

intermedia of

black-adapted toads. It is not known whether the Vi elements influence POMC gene
transcription under other physiological circumstances or during development of the
animal. The significance of Vi-transposon-like elements, in particular their presence in
POMC gene A, remains to be established.
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SUMMARY
In the intermediate lobe of the pituitary gland the prohormone proopiomelanocortin
(POMC) is processed to, among other peptides, melanocyte-stimulating hormone
(a-MSH)

In the toad Xenopus laevis a-MSH controls skin darkening during

background adaptation and the level of POMC gene transcription in the intermediate
lobe depends on the colour of the background. In the lobe, two structurally different
POMC proteins are produced from two mRNAs that are transenbed to approximately
the same level from two POMC genes (A and B). We previously reported the entire
nucleotide sequence of Xenopus POMC gene В In order to identify conserved and thus
potential regulatory DNA elements m the Xenopus POMC gene, here the determination
and analysis of the complete nucleotide sequence of Xenopus POMC gene A and its 5'and 3'- flanking regions are reported Companson of the two Xenopus POMC genes
revealed, in addition to the exons, three highly conserved regions First, the promoter
regions are more than 90% identical The second region concerns JH12 repetitive
elements situated at approximately the same position in both genes. These elements are
more than 86% identical The third region is a 500-bp sequence just upstream of exon
three (63% identity). Besides these three large regions several small regions with
significant identity were found at similar positions in the two POMC genes The fact
that, except for the JH12 element, the repetitive elements are not conserved between
the two POMC genes indicates that these repeats are not functionally important.
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INTRODUCTION
One of the aims of our research is to get a better understanding of the activation
and inactivation of genes that are responsible
neuroendocrine cells.

For this purpose

we

for a proper functioning

are studying,

of

as a model, the

proopiomelanocortin (POMC) gene in the intermediate lobe of the pituitary of the
South African clawed toad, Xenopus laevis. The POMC gene is predominantly
expressed in the pituitary, where the precursor protein is tissue-specifically processed.
In the corticotrope cells of the anterior pituitary one of the end products of POMC
processing is adrenocorticotropic hormone (ACTH), while in the melanotrope cells of
the

neurointermediate lobe

ACTH is

further

processed

to corticotropin-like

intermediate lobe peptide (CLIP) and melanocyte-stimulating hormone (a-MSH) (for
review see Smith and Funder, 1988). In amphibians a-MSH mediates background
adaptation (for review see Bagnata and Hadley, 1973). Placing a toad on a black
background results, via a neuroendocrine reflex,
melanotrope

cells.

a-MSH induces

dispersion

in a-MSH release from the
of

pigment

granules

in

skin

melanophores, which is followed by a darkening of the toad. On a white background
a-MSH release is inhibited, resulting in aggregation of the pigment granules and thus a
pale toad.
An elevated release of a-MSH by melanotrope cells of black animals is
accompanied by a higher rate of POMC gene transcription (Martens et al., 1987;
Ayoubi, 1991) and POMC biosynthesis (Verburg-van Kemenade et al., 1984; Loh et
al., 1985). In black-background-adapted toads the level of POMC mRNA in the
intermediate lobe is at least 15 times higher than that in white-adapted animals
(Martens et al., 1987). Biosynthetic studies have revealed that two different POMC
molecules are synthesized in the intermediate lobe in similar amounts (Martens et al.,
1982). Therefore, in X. laevis a-MSH is a cleavage product of two structurally
different POMC precursors. In view of the numbers of cDNA clones encoding
POMC-A and -B, both proteins appear to be translated from virtually equal amounts of
POMC mRNAs A and В (Martens, 1986), indicating that two POMC genes are
expressed to approximately the same level in the melanotrope cells of the Xenopus
intermediate lobe. This observation, together with the fact that the amount of POMC
mRNA is much higher in melanotrope cells of black-adapted toads than of
white-adapted animals, indicates that POMC genes A and В are coord ina tely regulated
in these cells. The phenomenon of co-expressed genes led us to investigate the
complete structures of the two POMC genes in order to identify conserved and thus
potential regulatory regions in the genes.
POMC mRNA-B of Xenopus is encoded by the previously reported POMC gene В
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(Martens, 1987, chapter 2 of this thesis) This Xenopus POMC gene В exhibits
essentially the same structural organization as mammalian POMC genes, namely two
introns (A and B) separating three exons, the third of which encodes all bioacUve
POMC-denved peptides (Nakamshi et al., 1979; Takahashi et al., 1981, Drouin et al.,
1985). Here we report on the structural organization of POMC gene A as well as on a
comparative analysis of Xenopus POMC genes A and В which reveals conserved
nucleotide sequences that may be involved

in the regulation of POMC gene

transcription.
MATERIAL AND METHODS
Isolation and restriction mapping of Xenopus POMC gene A
Clone XXPA5 was isolated from a Xenopus laevis genomic library (kindly provided
by Dr I Dawid, National Institutes of Health, Bethesda, Maryland, USA). This clone
is a XEMBL4 vector with a 13.2 kb Xenopus genomic DNA fragment containing
POMC gene A. Restriction mapping of XXPAS was earned out by Southern blot
hybridization analysis using as probes cDNA clones pXPL, pXP20 and pXP123,
together covering part of the 5'- and 3'- untranslated mRNA regions and the complete
protein-encoding mRNA region (Martens, 1987). The cDNA clones were labelled with
[oi-32P]dATP by nick translation (Weinstock et al , 1978) or random priming (Feinberg
and Vogelstem, 1983)

For further restriction mapping and sequence analysis,

restriction fragments of \XPA5 DNA were subcloned into PBR322 and pUC18/19.
Identification of repetitive elements in Xenopus POMC gene A
In order to search for and locate repetitive elements in Xenopus POMC gene A,
We hybridized Southern blots of Xenopus POMC gene fragments, obtained by
digestion with several endonucleases, with a probe derived from Xenopus genomic
DNA as described earlier (chapter 2 of this thesis)
DNA sequence analysis
DNA sequencing was performed by the dideoxy chain termination method (Sanger
et a l , 1977) using M13mpl0/ll, mpl8/19, pKUN19 or pUC18/19 subclones as
templates or M13mpl0/ll deletion mutants generated after limited cleavage of the
insert DNA with DNasel in the presence of Mn 2 + according to Hong (1982) as
modified by Lm et al. (1985). Most of the nucleotide sequence was determined on both
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strands.
Computer sequence analysis
Similarity

searches between nucleotide sequences were performed with the

computer facility of the University of Nijmegen which uses the algorithms of Wilbur
and Lipman (1983). For identification of repetitive elements in the Xenopus POMC
gene and its flanking regions the EMBL (release 24) and GENBANK (release 60.0)
databases were used.
RESULTS AND DISCUSSION
The entire nucleotide sequence of Xenopus POMC gene A
Screening of a XEMBL4 Xenopus laevis genomic library with POMC cDNA clone
pXP20, which contains the nearly full-length nucleotide sequence of Xenopus POMC
gene transcript В (Martens, 1986), resulted in the isolation of 37 hybridization-positive
clones. Rescreening of these clones with a probe containing the first exon of Xenopus
POMC gene Β (ΜλΧΡ5-248) gave eight positives. Upon detailed restriction mapping
and hybridization of the restriction fragments with probes pXP20 and ΜλΧΡ5-248, it
became clear that seven of these clones contained Xenopus POMC gene B, while one
clone (XXPAS) gave completely different restriction patterns. Sequence analysis of
\XPA5 DNA fragments hybridizing with the POMC cDNA probes and comparison of
these nucleotide sequences with a cDNA corresponding to POMC gene transcript A
(Martens, 1986) showed that the 13.2 kb insert of clone XXPA5 contained the entire
Xenopus POMC gene A. The finding that two POMC genes occur in Xenopus laevis is
not surprising, since the genome of this species appears to have arisen by chromosome
duplication (tetraploidization) that happened some 30 million years ago (Bisbee et al.,
1977; Thiebaud and Fischberg, 1977).
A detailed restriction map of Xenopus POMC gene A is shown in Fig. 1 and the
nucleotide sequence of this gene and its 5'- and 3'- flanking regions is given in Fig. 2.
From these figures we conclude that gene A has the same structural organization as the
previously described gene В (Martens, 1987; chapter 2 of this thesis). Like their
mammalian counterparts (Nakanishi et al., 1979; Takahashi et al., 1981; Drouin et al.,
1985), the Xenopus POMC genes contain two introns (A and В) separating three exons
of which the third exon encodes all bioactive peptides. The length of Xenopus POMC
gene A is 8432 bp which is significantly larger than Xenopus POMC gene В (6030 bp;
chapter 2 of this thesis). The lengths of exon one (48 bp), exon two (143 bp) and exon
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Fig. 1 Restriction endonuclease map of Xenopus POMC gene A and its 5' and З'-ßanking regions For
reference, the locations of the three exons of the Xenopus POMC gene are indicated by closed boxes
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AGCTT-AAATTAATCCCCGTTATAAAACTCCAATCACAGGGGA'^GCGGAACC-T'CTCTTrcTACArGCAAGGTGCTAATCCCTGTTC'-CCACGCAGAT

1

2 99

Г" 1 CTCC^CC-CCTCCCCT

CTTr'TCCTGCrAAAGGTCTGTCCCGAAGATCCTCCC'pTCCATTCACCCCCCTAGACAATrCTAAAATGTGGTATATAAAGACCAGCCCTGC.AGATGAGAG

00

99
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A'r,CATGTAGA'"GAUl,l-JTCAGCAACL-r,"r,'l--r"['CCTAATCATCTG™TCrGTCTCTTACATGCAACrr'ATACCCTGAl.l

200

199

-

AACTCACAJUUtCAAATTtKCTCCAATCCCCTAAGAATACACCATTCACCTArrrir^CTTCATCATT*ArpGCCATTTAATCCCCACrCCAAACCCTCAAT

-400

ААОААСАСААОСАААСААСТ-^АСАСС-ТСССАСТАСТСААТСААСАС.
АТС*АТАТСТАТАТАТАТАТАТАСАТ^А^"АСТП

,

GTAACAAAACCATGAGAATATCTL—LC-
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ТПІСССАТАСАТТАСАТССАСААСССТТ~СССТССТСАСАТТС-Г'1ТАТАТА'Г'ГГ' , ГП'А

AT^-CTA^rTAATTAAATTTAGGAAAGCCCTACAATTXrT-AAAAATTATATATTMGTACATTTTGTGATGGATTTTATAAATACAGGTGCCT^
'САТССТАСТТТССТСАГГП-П'ГПЧ^^'АТСССТСТГТСТАТАААТТГАТСССАТТТССАСТ-ТСААСАТААААТААТАТАТАТТАААТАТАТАААТСА

3 99

ATTGAAAGAA'GATAT^CGTCATACTAAATG-ACATCTAACAITGT'GACATCAATCAACTATGTTMTTAAAATTAGGTT'ATTrT'GAALAAATGTGC

499

AATTTATCCTTAATTTTATCCTTAAAACAATTCTATAACAGTGGGTTAATGTTGAGACCCACAAATATAAATAAATAAGGAAATAAATAAATATATATAA

599

TAATGCCGCAGCAAAGAJUUkCACTTrATTCTAGAAATCTTTGAAGTTGAGGAGTTCMTtMTTOGTACAATGCATTGCCTCATACAATTCACACAAAGCC

699

ACCAAGGTTA'rrrTlCCGACTTGTTCTTATGTATATArnrri'iM'ri^'in'CCTGTTTTTATAGGCrrGTCATTTCGGAAAAGATATTTCA'riTln'L'l'rrAG

79 9 ATATTGCTTTA I T l ' l ATGGG

ІТГГъАТСССТТТСАТАААСЛТАССТТТААТТТ^ТСТСАТАСАССААТСТТААССТТСТСТСАТТТСААТеСАСТСАТТС

»9

АТАТТСТ^ТТХІААГІ-ГІТАІ-ГП-ІТІЧ^САСАСАССААТААААСГТТГГСАСТТТСАТТСЧТІЧЧ^АТСТАТСААТАСАІПЧЧЧЧЛТТТААААТСАА^

999

ATATTATAτATATACAAτTACATAAτcTTTTATTTTACτTCACTTACAGTΓATATTAGAC*AAAAACτAAACΠΊ^•rTACTTTCATT<.ЧЧЧ•l^CATAτcT

1099
1199

ATAJWTCTATATTTrATTTATTCATATTTATTGTTTTGGGGGGTAACAGTGAGAGACAAAAACAGCACAAAAAACAGTAGGTCAAAGTTAAAACTCAAGC
CTCTTTCTATTCATTCATTTTCTTCTTATATGAAAATATATACTATATATATATATATATATATATATATATATATATATATATATATATATATATATAT
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1299

ATATATATATATATTATAAAATATAATUmTAΙΊΊΤΠUinCArnTltrrAACAGACTAAAATATTTAACTrrCTL

1Í99

СГТГСТТТСТТТСГТТСТТГСГТТСТТТСІТТСГТГСТТГСТТСТГТСТІТСТТТСТТТСІТТССГСТАСАСАААТССТАТАТТТССССАСАСААТГГС

1499

CAATCGGTCGAAGTTCAATTCAACGGAATTrreAACTAAAAAATTCGAAATTCAAAGTAAGTTTTTGGATACrrcAGACCATCGAATAGGATACTACGAC

1 5 9 9 TTCGAATTTACTTCGACTTCGATTCTAAC
1699

1799
1899

ГАААААТСАТТТСАСТАГ'ТССССАТТСОАТААТССААСТАСТСТСТСТТТААААААААС-ТССАСТТСАА

TCTTCCrrCAAATTAAACCTGCGCAGTGCTATCTTAGCCTArGGGCACCTTCTACAACCATTTGGGGACCTTcrrACAATTTCTAAGTCTTr

GGAAAATCCTTCCATTCATTCCTAAAATCCTTTGTATCCAACGATTTrrATTCGACAGTAGGATTCACAAATTTCcriÏAJ^^
TTTTAATTCGATCATCGAATTTTGACCTTTTTTGTACTTCCAAATTCCACCCTTGATAAATCT^CCCCTrTAATAATCAACCCATTCACAGGCATGGGAT

1999

TCATTATCCGCAAACCAATTATCCAGAAAGCTCAGGATCTCCCATAGACTCMTTTTATCCAAGTAATCCAAGCTTCTAAAAACTATTTCCTTTTTCTCA

2099

GTCATAATAAAACAGTCGCTTGTACTTtîATCCCAACTAAGATATAATTAATCTTTATTCCAAGCAAAACCAGCCTATTGGCTTTATTTAATCT^

2199

ATrTTCTAGTAGACTTAAGGTATGAAGATÎAAAATTACAAAAAGATCTGTTATCTWÎAAAACTCCAGGTCCCAAGCArrCTGGATAACCCCTCCTAT^

2299
2399
2499
2S99

ТСТАТТАТАСТГГСССТССАСААААААІЦ^ТТТСААТАТТІТСТТІТССАААААААСАААААТСТСААГГАСАТТ^
ТТТТССАСТТСТАТСАТААТТССААСТАТАААТСТСАССССТАААСАСАААТСТААСТТГССАААСТТТАСТСАААСААОСААПЧЧ"!

1IIAAATCAAAT

ATCTAGGAAAGCACGGAGTCCGCCCCAAAATACCATTCCAACACAAGCTCCCAGATAGACGATGTGACTTCCGGGTCCATATTCTGAAATAAATAGCCAT
TACTt;rnnTAGTATC-ni^^X^AGATTTACTTAAACTAriTAAAAACTTCGAAArrCGATAATTCCAAAATATCGAATTCAAAGGIT^

2699

TTTGACAATCCTCCCGTCGAATAAACGATTTTTAATCCACCAAAAAAAAACTTGGAAAACTGCTGT<KAACCTCCC«CAGGC7rAAAATTCCACT^

2 799

AGCTGTAATrrGCCAJ«GTATGAAGTCAAAG'ni"ITn'rAAAGAGACACTACTTÎGATTATCCAATAGTCGAACTCATTTTTACTTCGAATCGlTCCGAT

2999

CCAACTCAAACCCTCCAATATAGCCTATTCCAGGCTCGAAGTACCAAAAATT"ACTTTCAAATTCGAACTrTTITAJUkTTCGAACCCTCTCTCGAGCTrA

2999

GTAAATCTGCCCCTTTCTGTCTGATCATGAATTMCATAGrrTTreGCCTAACAAAGTACAGTAAAGCACTCATAGGAATATAAATGGTTTCAAACTCTC

J099

ΤΑΟΟΑΑΤΑΑΑΟΟΑΑΤΑΤΓΤΟΤΑΟΟΟΑΑΑΤυΤΟΤΤΤΑΤΑΟΤΤσΤΑπΑΑυΤΤσΤΟΤΤΑΤΛσΓΑΑΤΤΑΤαΟΟΑΑΤσΟΟΑΤΟΟΟαΑΑσΤεΤ^

J199
J299

Ï399
J499
3599
Э699

CTACTAACAACCTAJUkGTAAAAGGAAAACTCACAATCATCATATATAAAAAAAACAATI^TATATAAAAAAJUUUlTTC^
TTTAGTATATTTGCJU^TTTATTCTAATAAGTTCAGTTGTATCATGTTTCACGAGTTAAAGGGCAGATTrAGCAGTTCGATATGAGACAA^

TCCCATTCATCTGGACTGTGCiKAAACTGATCCAACTCTCAGATCAATTCAGTAGTCCAGTTCGATAGACTAGAGAACCATCACTATCAGTATTGACCTG
АТТССАТТТТТСАССТСАСИТГАТАТТТССТТТМТАААТТСАААТСАТТСТТАТТТАСАААТСТСССССТСГАТСССТССАТТ^
СОСТТАТССТгеТССАТ^ААССТТАСТСЧТГІСАТТСТАААСАГТТТСССТІТГІАСССТСССАААААСТТЧІАССАСТСССТСТСТГССЧ
TCAACCTTAGAGTATTACATAAGACACCCCTATTATTAAAGGTATGGCATCTATTATCCAATTATCATCTGATT«;AAGGATTTTAATCCATCAATCGAA

]799

CGAriTTTCTTCGACCTAAAAAACATTAAAAAGCCTATaWACCTTCCCCATAGACTAACATTGCACrTCAGTAGGTTTTAGGCGGCGAAGTAGCGGGTC

3899

GMI^VlTrUTtAAAGAGACAGTACTTCGACTATÎGAATCGTCGAATAGCCAAACGATITlTAGTTCAAATCGTTTGATTCGAAGTCGAAGTTGAAGGT

3999

CGAACTAGCCAATTCCATGCTTOAAGTACCCAAAAAAATCATTCGAAAlTCAAAGTATTrrTTATTCTATTCCTTCACTCGAGCTAAGTAAATGGGCCCC

4099

ТАССТСТАСТААААААТААІТГАААСАТТААГГАААСССААСАСАААСТСТТГАССТТССААТААССАТСААТТАТАТЧТГТААТТСССАССААСТАСААС

4 199
4 299

CGGCTGTTTTATTATTACGGAGAAAAATAATTTATAAAAATTATrrCATTAAAATGGAGTCTATGGGAGATGGCCTTCCCATAATTTCGACC^
TTACGGCTTTCTGGATAACAGGTCCTATACCTGTATTAAATATATTTrAAAGTC'rriTTATATGCTAACGTAAGAGACAATATCTTCCATTTACTGCCAT

4 3 9 9 TTTreAATGTeTTTTAGlcrrCCAGTCtr45AAA~GtTrCGgCCA<nTTCGGGCT^
44»e

GACATATAGATTAAGCCATCGTCACTCCTGCTGGACCTTTTAGCTGTTGCTTCTTGAAGGCTCCTAGAAACTGGCACTTAGGAGGACACAAAGAGGAAAA
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ССТГТСАААТССАСТССТТААААС(МААТТССТАСТВТАСАСТСАСАСТСАТССМТСАСТАААТТТССАТААТТТААТТАТТАТТАТТАТТАТТАТТАТ

4797

44

ICCAAAGCCAGTGCTGGGAGAGCAGCCGATGTGCAGACCTCAGCAGTGMGATGGTGT^CTGIGTAAGAGAAACAAATATTGTTTGAGGGTCCAAACAATT

4597

ТАТТААТААТААТААТАСТТАСТСТТТТАГГССАСАТААСААТТССАТТАССТСТТМІТГГСГМТТСАСТТТСТСАСААСІТТАСАСТ«
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4897

AACTÏTCJUUWGCTGATTrATCJUMÎAATTTGAGATGJWTTTTTTAC^^

«997

ЛТАЛАССАААСССАГтЧЧ

5097

TACTCCTTCCTCTCACTI'C-n^rrcCACAGAACTTCAAATGAGCT

3197

ИгеТСіиіСАТЛСАТГТТСССТЛТТСІТге

CTCCTCCCTATAAAACÄCACCTCTGAATAAATTCCCCTCTTTATAAAAGAAGCTCCAGCTCfcCTTTcrreAJUVTCACTCCjaC^^

3297

TATAATAGCAAAAAATTAAJUUUWTATATCriTTrrTTTTAAAAAAAAAATrGACAAMTTTAATTTCAAC^
ЛЛЛЛТАЛЛССТЛААТАААССТСССАЛТСТГСгеТЛССАСТСЛАТМТСССТТССССТСТ
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АТТГГГТСТААААААТСС7ТСТАААТТСАСААСССАСТАТСГТСААТСААТТССААССТТТТТ«КТТАААА(И^

5597

AAATTTACAAAATCTGTCTCCCTAGATTTGG^ТТСТСТТСТССТАААСАТТТААСАТТСТССАААТССТСААТГССОІЧ.І^ІТІІСАТГСТГСААТАААС
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АТСССССААААСАТТСТСТСТІГГСТАТСАОААТТТАТАТТТАТАТАССАААТАСАТАСАТСГГГТСТАТТТСТАТТГСТСААТС

5797

TAAACTGTCTATTCCCCTCrAACCTCTCATATGTTrACACAAATCCTTAATTATAAACTAt^CCJüÍTCCGAAACACGAn^OГИLTIClAGCCATGCAC

5897

ACAATTCTA<KATrCTITrArrrCCCTGACTACCGAATACCAAGCAGAATCCAAACCAAATCCAAAGTTGCAAATTTCACAGAAGTAATAJUU^TAA^

5997

CAGTTTTCCCTCATTCTAAACTCATGAGАСПТССАССССТСТАСАЛСAAAATGGCGАТССААСАТГСАССААТТАОТСАААТСТСААСТГТСТГТААСА

6097

ААТТТТААТТТАССССААТТеАААТсТІТСТГСТАСА«ТАСАСП:АСТССТААТТТТТССАГ1ТЦСМЧ;АААТАССАААТС

6197

CAATACTAAACCCAJWGTTTt^TATTCAAATlTGAJUUJlGAAGAATCATTCAAGTrCAGTTGTCCATACCTATAAAGTCATCAGA

6297

AGAAACTCGGGATCejÜÍCATTCAGGAGTTA6TCAAATCCCAACnT.^l,rTAACAAATTCTGATTTAGCCAAATCCAAATL4,ri^44CTACACATACAC^

6397

creCAAATTTACTTAAATTAACCCrcCATATTCGACTGCMAATTGAAATCATT^

6497

AAACCAACMAACCAAAAATTCTTCCACAAACAATTAJJlTACTTTCCATCCTTCCAArTTCTTT^

6597

CCCATAGGCTAAMTTTCACTTCAGTAGGTTTTAGínraKGAACTAGCGGCTCGAAcnTTTTTTTTTAAACAGAC^^

6697

ATAGTOTAATGATTTTTAGTTMAÀTreTTCCATTCAAAGTCCGAGTCGAAarrCGAAGTAGCCa^^

6797

ААТТСААЛС1Ч^Ч^ І СССТСТА1ТССЧЧ^АСТССАССТАЛСТСАДТС<И:САСССАССССТАА'ПТГГЦСАТТТССССАААТТССАААТСАТССАСААААС

6897

ТТААСТСААТССАААСССАСАССТ«ТАСАТТСАААГГТСААСАААСАТТГАААААТААТСТСТСААСТТСАААТСТССАТАССТСТАААСТСАТСАСАСГ

6997

TTCACTCGTCTACCACAAACTCGGATCCAGGATTrCAGAATCAGGAfcTAGCCAAATCCCAACATTATTTAATAGCTTCAAATCCAAATCTITCTTCTGCGG

, І

7097

ATACATAGAGTTCAAAATTTTTAGCTGAATACCAAACCCAAAGTCTACATTTTAJUITTTTCCAAAAAAAACAACTGCTACGTTC

7197

CATGACTCTAAGCGCTCTAAAACATTCCTeCAAATCTCACCATTTCGGCCTAATCTATC™^

7J97

GCATCCGCATCCATAGÎ'I^ÎlIVll/CCCAAGAATGGCTAAACAAGTAAGAGATAGAGAATATCGACCTATTGATAGTAGCTAGCTGAn't.ClTGATGTAT

7397

ATATATATATTTTCTCCCTCTTAcfiÏAÂTGCATcJUÎG^^

7496

|TTGTCUGAAAGTATCAGAAAATATGTCATGACCCATTrrCGCTGCAATAAATTTGGCAGAAGAAACAGaiCAGGCAACCATGCAACCAACACA«

7596

AACCTCAAGATATTTCCAGTTACCCTGTATTTA(KCrATTTCCCTTAA<rreATCAGAATGCTCCAGGTCACAAaiTGCAACAGCAACCCTTAGACAGCCA

7696

AGAGAACAAGAGAGCCTACTCTATGGAG«CTTCCGATWMKAAAACCTCTTGG<»GJUUW:AGGAGCCCaiTTAACCTCTACCCCAAT^

7796

GACTCTCCTCAGAG<n'ACCCCATGGAGTTGAGAAGAGAArrATCCCTACAACTTAGACTATCCAGAAATCGACCTTGATCACGACATTCAAGACAA«

7896

CTGGAGAGTGCATTAACGAAAAAAAATGGGAATTATAGGATGCATCACTITÎCCTGGGGTAGTCCACCCAAACATAAGAGCTATGCCCCATT^

799*

CTCAGCGGAGCCAGACACCTCTAATGACTCTTTTCAAAAATGCCATMTTAAAAACTCCCACAAAAAGCGTCAGTAGGGATCTTTAGGGTATGG'n^

8096
8196

TCCAGACCTCCATCCAGATACACCAGCCTGTTTTCAATAGATACATTTCCATTCATTCAATGATCAATGCCTATGAATTrACTITCTACTAGGATATTTA
ТСАСАСТТТТТСАСТТСАТСТТТТАТСТССГСТТТСТСГТАСТТСССАЛТССАСАСТАСАССААССТСП-ССССТААААТССГСА«

8296

ATATAGAAACAAATAAATGGTTCTATGAGTGCAAAATTCGATTTTTTTCAGTTTGCTAJÜÍTTATTTTCATAT4TreATAAGAAAAA^

ej96

IAATGAATCCAAAAATAAAACTTTCAGATCTTACTGGCITATCTGACTGGCTATTCATT^GCTTCCTCCCACCCrraiCACTTGATCCCTACATTGTACGGG

8495

ArrcATCCTCTTTATATCCCCTCTrcGGGCATTTGCTACCTCTATATIXGGCGGTAGTAATACTCGATA

8595

GTTGATTÎCCTCCATATAGGGGTGCTGATTGCCTGGATATAGGCTGACATTCATACCTCTAAGTATATGATAACACAAGGCACriTGAACATTATTCGGC

8695

ATAATATAAAACTCT^WCACCAATTTCACAAAACTAGAGATTACATTTtTTATTCTTGTTATTATGTAATTCTTAAATAATAATT^

8795

ТС(ПЧ;ГГСАТАЛТАЛСТТТССССТТТААЛТСТТАСТТТТСТССААЛТСТСААААТАЛТТТСС

8895

AAAAAGTAAATACCAGATTTCGTGCGAACCTACATAAATGCACTAACAGAGAGATAGATGATAGATGATAGATGATAArrAATACATCATACATACATAG

899S

ATAGATAGATACATACATAGATAGATAGATGATAGATAGATAGATACATACATAGATGATAGATAGATAGATAGATACATAGATAGATAGATCATAGATC

9 0 9 5 АТАС AT АСА TAG АТАС ATAG ATA G AT АС АТАС AT ACATATCATAATAGATCATAGCATC AAT ACAT AG ATACA TACA TAAT AG ATA TATA TAATGA TAG A
9195
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three (1012 bp) of POMC gene A are identical or nearly identical to those of gene В
(48, 143 and 1001 bp, respectively) This is in agreement with the observation that
POMC mRNAs A and В are detected as a single band on northern blots (Martens et
al., 1985). Since intron В of gene A (2862 bp) is only slightly larger than intron В of
gene В (2403 bp) the difference in length between the two Xenopus POMC genes is
mainly caused by different lengths of introns A (4367 bp in gene A and 2435 bp in
gene B).
Internal repeats and repetitive elements in Xenopus POMC gene Л
In Xenopus POMC gene A three stretches were found that contain so-called 'simple
DNA sequences'. The first region (nucleondes 1234-1464) contams a contiguous
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Fig. 3. A schematic representation of the locations of repeats m Xenopus POMC gene A and its 5 '- and 3 'flanking regions. The repeats are indicated by roman numbers: I, VIH and XII are simple sequences; II, IV,
VI and X are Vi-iransposon-ltke elements; III and VII are JH12-repetitive elements; IX is a cluster of internal
repeats; V is an inverted repeal of a part of IX; XI is an internal tandem repeat. For reference, the locations
of the three exons of the Xenopus POMC gene are indicated by closed boxes

stretch of 35 ATs and 22 TTTCs, the second stretch (4766-4813) is AT-rich, while the
third region (8949-9254) contains 60 times the tetranucleotide TAGA (regions I,

Ш

and XII, respectively, in Fig. 3). Repetitive TAGA sequences have been identified in
rat repetitive DNA and sex-specific satellites of Drosophila and mouse (Alonso et al.,
1983; Singh et al., 1984). Stretches of AT-dinucleotides have been found in a number
of organisms, such as yeast, Drosophila and trypanosoma (Delange et al., 1984;
Lorincs and Reed, 1984; Tautz and Renz, 1984) and they have been shown to occur as
interspersed repeats in the Xenopus genome (Greaves and Patient, 1985). Alternating
pyrimidines and purines, like the (АТ)з5 stretch in the POMC gene, can adopt a
left-handed (Z) DNA configuration (Wells et al., 1982) and as such they might
influence gene transcription (Naylor and Clark, 1990).
Besides these simple sequences we found in POMC gene A two different repetitive
elements, namely members of the previously described families of JH12 repetitive
elements (Meyerhof et al., 1987) and Vitellogenin

(Vi)-transposon-like elements

(Schubiger et al., 1985). Intron A contains two JH12 elements (1981-2306 and
4100-4351; regions III and VII, respectively, in Fig. 3) of which one is inverted
relative to the other element. In addition, intron A contains three Vi elements
(1482-1969, 2615-3014, 3816-4100; regions II, IV and VI, respectively, in Fig. 3),
while a fourth Vi-element is found in intron В (6396-6857; region X in Fig. 3). The
most upstream Vi element is inverted relative to the other three elements. Most of the
difference in length between introns A (1932 bp) of POMC genes A and В can be
attributed to the occurrence of the three Vi-repetitive elements (1173 bp) in intron A of
gene A, because gene В does not contain a Vi element.
Analysis of Xenopus POMC gene A for internal repeats by comparison of the gene
with itself revealed that, besides the repetitive elements mentioned above, intron В
contains a cluster of four repeats (5908-6149, 6150-6395, 6858-7110 and 7111-7320;
IX in Fig. 3) just upstream of exon three; one of the four Vi-transposon-like elements
is present between the second and third repeat. Part of the cluster (6146-6205) is
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inversely repeated in intron A (3610-3676; V in Fig. 3). Furthermore, just downstream
of exon three a 24-bp sequence is four times tandemly repeated (8S3S-86S2; XI in Fig.
3). Neither the clustered repeats nor the tandemly repeated sequence shows significant
identity with a sequence in the EMBL or GENBANK databases.
In order to determine the relative occurrence of the described repetitive elements in
the Xenopus genome, we hybridized Southern blots of DNA fragments of Xenopus
POMC gene A with a probe derived from Xenopus genomic DNA. This analysis (data
not shown) confirmed that the JH12 and Vi repetitive elements belong to families that
are highly- and moderately-repetitive, respectively (Meyerhof et al., 1987; Schubiger
et al., 1985). In this analysis no other regions in gene A gave a hybridization signal,
and thus also not the clustered repeats upstream of exon three.
Comparative structural analysis of Xenopus POMC genes A and В
In order to find conserved and thus potentially important regulatory sequences, dot
matrix analysis of Xenopus POMC genes A and В was performed (Fig. 4). This
analysis revealed, besides the exons, three regions of high similarity (Fig. 4a). The
promoter regions are more than 90% identical. We have previously identified putative
cis-acting regulatory sequences conserved among the promoters of Xenopus POMC
gene В and four mammalian POMC genes (chapter 2 of this thesis) whereby sequences
of four or more identical nucleotides and at least 65% nucleotide sequence identity
between all species were classified as conserved regions. Using the same criteria, it
appears that all but one (box A) of these sequences are also present in Xenopus POMC
gene A. This finding further suggests that these sequences are involved in the
regulation of POMC gene transcription. The second region of high similarity between
the Xenopus POMC genes concerns JH12 repetitive elements. POMC gene В contains
a JH12 element (chapter 2 of this thesis) at approximately the same position as the
most upstream JH12 element in gene A (region III in Fig. 4a). JH12 repetitive
elements can occur dispersed as well as clustered in the Xenopus genome (Meyerhof et
al., 1987; chapter 2 of this thesis). These elements might be involved in the control of
gene activation because JH12 transcripts are only detected after

a

specific

developmental stage (mid-blastula-transition; Meyerhof et al., 1987). The alignment of
the two JH12 repetitive elements of POMC gene A with the element of gene В and
with the JH12 consensus sequence compiled from nine JH12 copies present in eight
Xenopus genes (chapter 2 of this thesis) is shown in Fig. 5. From the alignment it is
clear that both repeats in POMC gene A are more than 86% identical with the JH12
consensus sequence. Fig. 5 also reveals that the most downstream JH12 element of
gene A (4100-4351;

П in Fig. 3) is interrupted by one of the four Vi repetitive
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Fig. 4. Dot matrix analyses of the nucleotide sequences of Xenopus POMC genes A and B. a) alignment of
POMC gene A with POMC gene B, b) alignment of POMC gene A with the inverse complement of POMC
gene B. The alignments are performed with a window of 30 nucleotides and a stringency of 70%. For
reference, schematic representations of the genes are depicted on the axes. Roman numbers refer to Fig. 3

elements (VI in Fig. 3). In addition, this JH12 element lacks 54 bp as compared to the
JH12 consensus sequence, exactly at the position corresponding to the apparent
insertion site of the Vi repetitive element. These observations suggest that during
evolution the insertion of this Vi repetitive element in POMC gene A has occurred
after insertion of the JH12 repetitive element and that this insertion induced a 54 bp
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**** ** ***
(1) POMCB
:
( 2 ) POMCA-1
:
(3) POHCA-2
:
(4) CONSENSUS:

***** ****** * ·*** *** **

***

* ******

ATATACAGATATGGGATCTGTTATCTGGAAACCCGTTCTCCAAAAAA:TCCGAATTATGGAAAGGCATTAACCCATA
ATTCACAGGCATGGGATTCATTATCCGGAAACCAATTATCCAGAAAGCTC : :
: : : : : AGG : : ATCTCCCATA
TAATACAGCTATAGGACCTGTTATCCAGAAACCCGTAATCCAGAAAGCTCCAAATTATGGGAAGGCCATCTCCCATA
ATATACAGGTATGGGATCCGTTATCCGGAAACCCGTTATCCAGAAAGCTCCGAATTATGGAAAGGCCATCTCCCATA
^
С

* ********** *** ****

*

·*** ** ************ * ******** *

(1) GCCTCCATTTTATCCAAATAATTCACAT: : : : : : : : : : : : : : : -.A: : :CCTCTTTCTGT:GTAATAATAAAACAGTCGCGTGTACTTGAT
( 2 ) GACTCCATTTTATCCAAGTAATCCAAGCTTCT : : : : : АААААСТАТТТССТПТТСТС : AGTGATAATAAAACAGTCGCTTGTACTTGAT
(3) GACTCCATTTTAATCAAATAATT: ::::::::: :ТТГАТАЛАТТАТТТ
TTCTCC:GTAATAATAAAACAGCCGCTTGTACTTGGT
( 4 ) GACTCCATTrTATCCAAATAATTCAAATTTTTTTTTTAAAAAlOATTTCCTTTTTCTCTAGTAATAATAAAACAGTACCTTGTACTTGAT
A

( 1)
(2)
(3)
(4)

CCCAACTAAGATATAATTAATACTTATTGGAGGCAAAACCA : : CCTATTGGCTTTATTTAATGTTTATATGATTTTCTAGTAGACTTAAG
CCCAACTAAGATATAATTAATCTTTATTGG AAGCAAAACCA : GCCTATTGGCTTTATTTAATGTTTACATGATTTTCTAGTAGACTTAAG
CCCAATTAAGATATAATTCATCCTTATTGG AAGCTAAACACTTTGTGTTGGGTTTAATTAATGTTTAAATTATTTTTTAGTAGACCTA==
CCCAACTAAGATATAATTAATCCTTATTGGAAGCAAAACCA : TCCTATTGGGTTTATTTAATGTTTACATGATTTTCTAGTAGACTTAAG
G

*******

*** ** *

(1) GCATGAA: :::::: :TTACAGAAAGATCCGTTATCTGTAAAAACCCCAGGTCCCAAGCATTTTGGATAACAGGTCCAATACCAGTGTGT
(2) GTATGAAGATCAAAATTACAAAAAGATCTGTTATCTGGAAA:ACTCCAGGTCCCAAGCATTCTGGATAACGGGTCCTATGTCTGTATTA
( 3 ) ~ . = . . ™ . . = = = . . . = = = = = = = m > ( V1 -111 ) < · — — « — — = - = = — = = = = = = = = T T G G A T A A T A G A T C C C A T A C C T T A A T A A
( 4 ) GTATGAAGATCCAAATTACAGAAAGATCCGTTATCCGCAAAAACCCCAGGTCCCGAGCATTCTGGATAACAGGTCCCATACCTGTACAT
A
•*:::C
Τ

Fig. 5. Alignment of the nucleotide sequences of JH12-repetitive elements m Xenopus POMC genes A and В
with the JH12 consensus sequence Colons indicate gaps which have been introduced to achieve maximum
similarity Asterisks (*) indicate identity between all four JH12 sequences The terminal inverted repeat of
the JH12 consensus sequence is underlined by arrows. (Vi-IIl) indicates the position of the third
Vi-transposon-like element of POMC gene A. The JH12 nucleotide sequences of Xenopus POMC gene В and
the JH12 consensus sequence have been taken from chapter 2 of this thesis
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POMC gene A

deletion within the JH12 element. It is interesting to note that two of the four Vi
elements invaded in repeats, namely in the repeats upstream of exon three and in the
second JH12 element. The third region of high similarity concerns the four clustered
repeats upstream of the third exon of POMC gene A (5908-6149, 6150-6395,
6858-7110 and 7111-7320; C 3 ', C2*, ( V and D\ respectively, in Fig. 6; region К in
Fig. 3 and 4a) which are between 63% and 72% identical with a 500-bp region (VI)
upstream of exon three in POMC gene B. The identity between the clustered repeats
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a n c e s t r a l POMC g e n e
ζ

gene duplication

POMC gene A

POMC gene В

triplication of С

•fflsB
insertion of Vi-element

ÜE
Л^. 7. Possible evolutionary relationship between the regions upstream of the third exon of POMC genes Л
and B. Asterisks (*) are used to indicate an evolutionary relationship with the ancestral POMC gene. For
reference, the regions upstream of the third exon of POMC genes A and В are indicated by roman numbers
according to Fig. 2 and chapter 2 of this thesis, respectively

and region VI is relatively low because of several internal deletions/insertions.
Interestingly, the nanking regions of the clustered repeats and of region VI (54 bp
upstream and 58 bp downstream) are also conserved. From our dot matrix analysis
(Fig. 6) and the search for internal repeats in gene A it is likely that before genome
duplication in Xenopus a segment-Z element was present in the POMC gene (Fig. 7).
This element probably consisted of a repeat-C and a repeat-D sequence. After genome
duplication a triplication of the repeat-C sequence occurred in POMC gene A, giving
rise to С/, C2* and C3". Next, an invasion of a Vi-repetitive element must have
occurred between repeats C / and C2" of POMC gene A. Alternatively, deletion events
in POMC gene В can explain the observed relationship between these intron regions.
Besides the three large conserved sequences mentioned above, other short conserved
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regions are found. With respect to the exons and the large conserved regions mentio
ned above, their relative positions are similar in both genes (Fig. 4a). Finally, dot
matrix analysis of POMC gene A with the inverse-complement of POMC gene В only
revealed significant similanty between JH12 elements and simple sequences (Fig. 4b).
From our analysis it is clear that Xenopus POMC genes A and В occur as a closely
related pair, as do the Xenopus genes encoding vitellogenins (Wahh et al , 1979), adult
globins (Widmer et al., 1981), albumins (Westley et al., 1981), proenkephahns
(Martens and Herbert, 1984) and LI nbosomal proteins (Lorem et al , 1985). Each
pair displays between 4-9% divergence in the corresponding exon sequences. This
supports the hypothesis that about 30 million years ago the ancestor of Xenopus laevis
underwent a genome duplication (Bisbee et al , 1977, Thiebaud and Fischberg, 1977).
Although the corresponding exon sequences of these gene pairs are usually similarly
sized, the lengths of the corresponding intron sequences can vary significantly. This is
also the case in the POMC genes in which the corresponding exons and introns В are
about equally sized but introns A differ considerably As already mentioned this
difference in length of introns A can primarily be attributed to insertion or deletion
events of repetitive DNA sequences, in particular of the Vi elements. Such events may
also account for the variation in corresponding intron sequences of the Xenopus
albumin and vitellogenin gene loci (Ryffel et al , 1983) Repetitive elements located at
approximately the same positions in a pair of genes, like the JH12 element in the
POMC genes, may already have been present in the ancestral gene. If these elements
have a function in the regulation of gene expression, one would expect that they do not
diverge as fast as other parts of intron sequences and thus these elements will increase
the similarity between corresponding intron sequences. It is remarkable that
corresponding intron sequences of paired genes coding for vitellogenins В (Germond et
al, 1983) and albumins (May et al , 1983) are highly similar, while there was no
significant similanty between introns of the paired genes encoding vitellogenins A and
larval |3-globms (Germond et al , 1983, Meyerhof et al , 1986). The Xenopus POMC
genes contain many conserved regions in their introns (Fig 4a) and thus they seem to
belong to the group of relatively highly conserved genes which includes the
vitellogenin В and albumm genes At present, however, the functional significance of
the conserved intron sequences is unclear The analyses with vitellogenin В and
albumin genes were performed with hetero duplex- and R-loop mapping techniques and
thus it is not known whether the high similanty between the corresponding introns of
these genes can be attnbuted to the presence of conserved repetitive elements. Since
the repetitive elements are not conserved in the Xenopus POMC genes, with the
notable exception of the JH12 element, these elements might not have a function in the
regulation of POMC gene transcnptìon.
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In conclusion, our screening of a Xenopus laevis genomic library resulted in the
isolation and characterization of a second POMC gene, gene A. POMC genes A and В
contain, in addition to their exons, three large, conserved regions: the promoter
region, a JH12 repetitive element and a region just upstream of exon three. It is
interesting to note that POMC genes A and В are coordinately transcribed to
approximately the same level in one cell type, namely the melanotrope cell of the
intermediate lobe of the toad (Martens, 1986). It may well be that the three conserved
regions are involved in this co-regulated expression of the two POMC genes. We are
currently studying possible functions of the conserved elements in POMC gene
regulation by means of a homologous gene transfer system, namely microinjection of
the Xenopus POMC gene and mutants thereof into Xenopus oocytes and eggs.
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Chapter 5
SUMMARY
Studies aimed at the identification and functional analysis of DNA sequences
regulating gene transcription can be performed in an 'in vivo' situation by introduction
of DNA encoding the gene of interest into cultural cells or into animals To be able to
study the regulation of Xenopus POMC gene transcription in a homologous system,
ι e. Xenopus oocytes and embryos, we here designed an injection apparatus, and
determined the reliability of the injection procedure, the fate of injected DNA in
embryos and the feasibility of the technique to generate transgenic toads Fragments
containing POMC gene В injected into Xenopus eggs hgated, independent of the
compatibility

of the ends before ligation, to large concatemers consisting of

predominantly head to-tail, but also of head-head and tail-tail ligations Ligation started
within two minutes after injection and continued until 24 hours after injection when
virtually all molecules were hgated onto each other Dot blot and Southern blot
analyses on the persistence of the injected DNA revealed that, in spite of an initial
increase in the amount of DNA during the first 24 hours after injection, the exogenous
DNA was gradually degraded in the embryo until it was virtually undetectable at four
weeks after injection

Determination of the distribution of the injected DNA by

Southern blot analysis showed a mosaic distribution pattern over the embryo Dot blot
and Southern blot analyses revealed that, although generally reproducible amounts of
DNA were injected at the one-cell stage, the amount of exogenous DNA present in
embryos at later developmental stages was variable, which was predominantly due to
variations between batches of embryos
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INTRODUCTION
Recent developments in recombinant DNA technology have made it possible to
mutate target DNA sequences in vitro in a predetermined way. ¡n vitro mutagenesis
has therefore become a powerful tool in studies aimed at the identification and
functional analysis of specific DNA sequences involved in the regulation of gene
transcription in vitro and in vivo. To investigate transcriptional activity of DNA
elements, several gene transfer methods have been developed. Three frequently used
methods are transfection, electroporation and injection of DNA into cultured cells.
With these systems it is necessary to have a selectable marker in order to isolate cells
which have received foreign DNA. Furthermore, in cultured cells specific gene
regulatory factors may be absent and, moreover, with this system it is not possible to
study the biological function(s) of the protein(s) derived from the introduced gene.
These drawbacks were circumvented when it became possible to create transgenic
animals by introducing foreign DNA into germinal cells (for review see Palmiter et
al., 1986). Introduction of DNA is accomplished by infection of blastomeres with
retroviral vectors containing the gene of interest (Jahner et al., 1985; Putten et al.,
1985) or by transfection of embryonic stem cells and injection of these transformed
cells into blastocysts (Bradley et al., 1984; Lovell-Badge et al., 1985). However, the
most widely used method to obtain transgenic animals concerns the direct
microinjection of foreign DNA into pronuclei of fertilized eggs (Gordon et al., 1980).
With this technique a maximum of 25% of the injected animals were found to have
exogenous genes stably integrated and these genes were, in most cases,
transcriptionally active (Palmiter et al., 1986). Transgenic mice have been used in
several areas of biology, like immunology, oncology and developmental biology (for
reviews see Hanahan, 1989; Adams and Cory, 1991). For example, the function of the
lens in mammalian eye development was investigated by linking the diphtheria toxin
gene to the aA-crystallin promoter (Kaur et al., 1989). Expression of this gene in
transgenic mice resulted in different degrees of ablation of the lens and parts of the
eyes. The diversity of the use of transgenic mice in biological studies is further
illustrated by the creation of mice susceptible to poliovims by transfer of DNA
expressing the receptor used by the virus for infection (Koike et al., 1991).
The mechanical injection of DNA by means of thin capillary pipettes is easier when
the cell nucleus is large. The oocytes and eggs of the amphibian Xenopus laevis are
exceptionally large cells (1-1.2 mm in diameter) which contain large nuclei (0.2 mm:
Kressmann and Bimstiel, 1980) and they are therefore particularly suited for
microinjection experiments. It has been calculated that the volume of one oocyte or
egg (0.54 μ\) is equivalent to 200000 somatic cells (Gurdon and Wakefield, 1986).
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Xenopus oocytes and eggs are storehouses of cell components, because they contain
between lOMO5 times more ribosomes (Brown and Littna, 1964), histones H2A, H2B,
H3, H4 (Adamson and Woodland, 1974), RNA polymerases Ι, Π and ΠΙ (Roeder,
1974) and ribonucleotide triphosphates (Woodland and Pestel, 1972) than typical
somatic cells. These supplies are enough to allow the embryos to develop until the
30000-cell stage (Coleman, 1984).
For injection experiments, oocytes isolated from the toad ovary should be in the
meiotic prophase. These stage VI oocytes are very active in RNA and protein synthesis
but totally inactive in DNA synthesis. Only a very small amount of circular DNA
needs to be injected into a single oocyte to obtain detectable transcription which can be
monitored within a few hrs after injection (Harland et al., 1983; Mohun et al., 1986).
The primary transcript can be post-transcriptionally modified to form functional
mRNAs (for review see Gurdon and Melton, 1981). The injected DNA is not
replicated or integrated into host cell chromosomes but it is assembled via nucleosomes
into an apparently normal chromatin structure (Wyllie et al., 1978). In most other
expression systems (see above) DNA is integrated and replicated. When integrated, the
adjacent host DNA sometimes influences the expression of the introduced gene (for
review see Wilson et al., 1990). In oocytes all DNA configurations injected into the
cytoplasm are degraded, but circular molecules deposited into the oocyte nucleus are
stable (Gurdon and Melton, 1981). Even single-stranded and nicked circular molecules
can be successfully

injected, because these are converted into double-stranded

supercoiled molecules (Cortese, 1980). Circular DNA remains stable and can be
transcribed as long as the oocyte is viable which may be up to several weeks (Gurdon
and Melton, 1981). As mentioned, oocytes are also very active in protein synthesis.
The long viability of oocytes together with the stockpiled metabolites allows, in case of
mRNA injection, a linear increase in the level of translation from a few hrs to a few
days after injection. The unique property of post-translational modification has made
Xenopus oocytes excellent tools for translational studies and indeed they have been
extensively used for this purpose (for reviews see Sigel, 1990; Heikkila, 1990).
In contrast to oocytes, Xenopus eggs, which arc released by the female after
pituitary hormone stimulation, are transcriptionally inactive. Nuclear RNA synthesis
becomes only active when fertilized eggs have reached the mid-late blastula stage
(approximately 8000 cells; Gurdon and Melton, 1981), which is achieved about 6 hrs
after fertilization. DNA injected into fertilized Xenopus eggs is within 90-120 min
reconstituted into nuclei (Marini et al., 1988) and may be replicated during the early
stages of embryogenesis (Rusconi and Schaffner, 1981; Etkin and Pearman, 1987).
Rusconi and Schaffner (1981) and Etkin and Pearman (1987) have shown that in
6-month-old toads multiple copies of the injected DNA persisted per cell, while germ
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line transmission of the injected DNA has also been reported (Etkin and Pearman,
1987).
From the above it appears that it should be possible to study the expression of an
injected gene in the tissues in which the endogenous counterpart is normally expressed,
and thus in which all cytoplasmic and nuclear factors required for correct regulation of
(trans)gene expression are present Indeed, this technique has not only been used to
map the Cíí-acüng regions that determine tissue-specific expression of the gene, but
also to localize sequences involved in the correct temporal activation of gene
transcription during embryogenesis (Mohun et al , 1986, Kneg and Melton, 1985).
Our aim is to study the expression of the Xenopus proopiomelanocortin (POMC) gene
in Xenopus oocytes and eggs, and to identify the m-acting sequences that determine its
tissue-specific and inducible expression Therefore, in this study we designed an
apparatus for injection of Xenopus oocytes and eggs Furthermore, we determined the
reliability of the injection procedure, the fate of the injected DNA and the feasibility of
the technique to generate transgenic toads
MATERIALS AND METHODS
Construction of recombinant DNA molecules
For the construction of clone p61 a 7 7 kb HindlU fragment containing the entire
Xenopus POMC gene В with 473 bp of 5'- and 1 6 kb of 3'- flanking regions (chapter
2 of this thesis) was cloned into PBR322, while for the construction of clone
pl9POMC this fragment was cloned into pUC19 Clone р19РОМСДА was obtained
by digestion of clone pl9POMC with Aval, filling in the З'-recessed end with the
Klenow fragment of DNA polymerase I (Boehnnger Mannheim) and religation, this
clone contains only 61 bp of the POMC gene В promoter
Injection apparatus
In order to inject Xenopus oocytes and eggs an injection apparatus was constructed
which consists of a vanable-speed electric motor driving a micrometer pump and a
micromanipulator (Fig. 1) Electrical signals are converted into the movement of an
iron rod (A) which is directly connected to a synnge of 100 μΐ (В). This syringe is
attached to a short piece of teflon tubing filled with paraffin oil (C) to which
microinjection needles can be coupled. With the remote control CD) movement of the
rod can be manipulated in the forward/reverse direction and with E the speed can be
controlled. Preliminary experiments were performed to calibrate the injection system
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Fig. 1. The microinjeaion apparatus. The different parts of the microinjeaion apparatus are indicated by capital letters: A, iron rod; B, 100 μΙ syringe; C, teflon
tubing filled with paraffin oil; D, remote control; E, speed control; F, microinjeaion needle; G, clamp; H, micromanipulator; I, knobs for moving G in the two
horizontal planes; J, knob for moving G vertically
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(4 noise signals corresponded to 10 nl).
Microinjection needles were made by pulling glass capillaries (GC 100F4, Clark
Electromedical Instruments, UK.) with an adjustable micropipet puller (heating element
and tension can be adjusted; constructed at the University of Nijmegen, the
Netherlands). Micropipets with the right shape (Stephens et al., 1981) were obtained
with the heating element at position 2, and a pulling force at 0.21 kg/cm2 until 4 mm
enlargement, instantaneously followed by a pulling force at 1.8 kg/cm2. The tips of the
needles were broken off with forceps creating a diameter at the top of approximately
ΙΟμιη.
Prior to injection the teflon tubing (C) was cleared from air bubbles. The needle
(F) was connected to it and mounted vertically via a clamp (G) to the micromanipula
tor (H). The needle can be moved horizontally in two planes with I or moved
vertically using J. The paraffin oil was pushed forward into the needle until it reached
the shoulder of the needle's shank. To counteract for a lag in the forward motion, the
forward motion was directly followed by setting the remote control for a second in the
reverse. Next, 2-6 μΐ of a DNA-containing solution (2 μί is sufficient for 200 eggs)
was placed on a piece of parafilm exactly beneath the tip of the needle. The paraffin
oil was then slowly pushed forward (about four signals/second) until it reached the tip
of the needle directly followed by lowering the needle in the DNA solution, switching
from forwards in reverse and raising the speed to 30 signals/second. As soon as the
meniscus between the paraffin oil and the DNA solution was visible through the
microscope the pulling speed was lowered to 10 signals/second. When nearly all the
liquid was pulled into the needle the motion was set forward to prevent a flash back of
air. This motion was continued until the volume of the remainder of the DNA solution
on the parafilm did not decrease anymore.
Preparation of DNA for injection
Plasmid DNA was isolated by the alkaline lysis method (Sambrook et al. 1989),
followed by Rnase A treatment. The DNA was purified further by treatment with 1 %
sarcosyl

for

15 min at 20oC, phenol-chloroform-isoamylalcohol

(25:24:1; PCI)

extraction, centrifugation through a NaCl cushion (1 M NaCl in TE: 10 Mm Tris-HCl,
0

1 mM EDTA, pH 8.0) at 60.000 g for 16 hrs at 15 C (Sambrook et al. 1989) and
redissolvation of the DNA in TE. For injection of linearized plasmid DNA, the
isolated DNA was cut to completion with a restriction enzyme, extracted twice with
PCI and once with chloroform-isoamylalcohol (24:1), and subsequently precipitated
twice with 0.1 vol. 3 M NaOAc and 2.5 vol. ethanol. For injection of DNA fragments
the desired fragment was, after restriction enzyme digestion of the plasmid DNA,
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separated from other fragments on a 1 % agarose gel run in TAE and isolated using
glassmilk (BIO 101, La Jolla) or DEAE-81 paper (Schleicher & Schuil) The DNA
fragment was treated further as descnbed for linearized DNA For injections mto eggs,
DNA

was dissolved

in water

DNA concentrations were determined with a

spectrophotometer
Isolation and m vitro fertilization of Xenopus eggs
Female Xenopus were injected with 500 IU pregnyl (Organon, Oss) 10 hrs pnor to
egg collection Eggs were collected in 100% Modified Amphibian Ringers solution
(MMR is 100 mM NaCl, 2 mM KCl, 1 mM MgSO^ 5 mM HEPES, 0 1 mM EDTA,
2 mM СаСІ2, pH 7 8) Eggs were fertilized in a minimal amount of 100% MMR with
macerated testes, followed 5 mm later by the addition of 25% MMR Subsequendy,
the eggs were allowed to stand for 15 mm Next, the fertilized eggs were dejellied in
1% L-cysteine, 25% MMR (pH set to 7 8 with NaOH) for 3-4 mm, followed by
extensive washing with 25% MMR to remove the cysteine, after which the eggs were
injected All manipulations were performed at room temperature
Microinjection of DNA into fertilized eggs
Eggs were placed on a teflon disc with the dark pigmented hemisphere facing
upwards, injected before the first cell division with 0 25 or 1 ng linear DNA in a
volume of 10 nl water, transferred to a petn-dish containing a sterile 2% Ficoll, 25%
MMR solution and cultured at 220C 24 hrs after injection, healthy looking embryos
were transferred to aged and aerated tap water at 220C

Tadpoles were staged

according to Nieuwkoop and Faber (1956)
Maintenance of embryos and toads
One week after fertilization, embryos were fed twice a week with powdered
urticaceae leaves supplemented with 1 % w/w milk powder and yeast (J Hooy & Co ,
Limmen, The Netherlands)

The water was changed pnor to feeding

After

metamorphosis the toads were given tubifex for one week and thereafter Amphicon
(Trouw, Putten, The Netherlands) twice a week Xenopus embryos and toads were
maintained at 220C in the aquanum facility of the Department of Animal Physiology
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Analysis of DNA injected into Xenopus embryos
Extraction of DNA from embryos was according to Etkin and Pearman (1987) except
0

that proteinase К incubation was at 65 C for 1.5 hrs. Southern blot and dot blot
hybridization analyses were carried out according to Grunstein and Hogness (1975) in
0

50% formamide at 42 C for 16 hrs and filter washing in O.lxSSC (Sambrook et al.,
1989) at 65°C. The insert of CDNA clone PXP20, covering the complete protein
encoding and 3'-untranslated mRNA regions of POMC gene В (Martens, 1987), was
labelled with [a-32P]dATP as described previously (chapter 2 of this thesis) and used
as a probe. After autoradiography of the dot blots the hybridization signals were
analyzed by densitometric scanning with an LKB 2220-020 Ultrascan XL laser
densitometer using LKB 2400 Gelscan XL software (version 2.0).
RESULTS AND DISCUSSION
Reliability and reproducibility of the system
Within and between experiments involving injection of DNA into in vitro fertilized
eggs several variations concerning the degree of fertilization of eggs, the viability of
embryos, and the amounts of exogenous DNA present in the embryo, were observed.
In the following sections these variations and possible ways to prevent or minimize the
variations are described.
Fertilization of eggs and viability of (injected) embryos: The quality of the eggs can
vary significantly which partly depends on the age of the toads. After two to three
previous injections with pregnyl two- to five-year-old female toads give eggs of the
best quality. Furthermore, distinct batches of eggs can have different percentages of
healthy eggs, even when they are derived from the same toad on the same day; the
first spawning usually delivers the highest amount of healthy eggs. Healthy unfertilized
eggs are characterized by a white and a black pigmented hemisphere of about the same
size with a white dot in the dark half (Fig. 2). With our in vitro fertilization protocol
(see Materials and methods) usually more than 95% of the eggs are fertilized. In most
cases when the percentage of fertilization was low, while the eggs looked healthy, the
quality of the sperm appeared to be inadequate, because utilization of testes of another
toad mostly solved this problem. Inferior sperm quality could not be concluded from
microscopic examination.
The viability of (injected) embryos is strongly affected by the quality of their
incubation medium. Injected unfertilized eggs are triggered to cell cleavage after
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Fig. 2. Healthy looking unfertilized Xenopus e ^ i .
Since the jelly layer has nol been removed nol all of
these healthy eggs show their characteristic round
shape. The bar corresponds to 1 mm

penetration (injection), but they will deteriorate after about six hrs (Gurdon and
Melton, 1981) and will contaminate the incubation medium. Therefore it is essential to
remove such eggs. Fertilized eggs can be discriminated from unfertilized ones by their
ability to rotate their black hemisphere upwards, especially after removal of the jelly
coat. In addition, fertilized eggs maintain their round shape on the teflon disc, while
unfertilized eggs are pulled into the holes of the disc because of capillary forces. Since
abnormally looking fertilized eggs and embryos will eventually pollute the incubation
medium they need to be removed too. Furthermore, the quality of the incubation
medium and thus the viability of the embryos can be improved by placing the embryos
in lightly-aerated water in (preferably) large, shallow buckets, because this will prevent
the generation of high local concentrations of toxic substances.
The amount of exogenous DNA present in Xenopus embryos: Some variation in the
amount of exogenous DNA in the embryo was observed. Southern blot analysis of
genomic DNA isolated from two-minute-old embryos injected with a Kpnl-Hindlll
fragment containing POMC gene В revealed that variable amounts of exogenous DNA
were injected (lanes 1-6 in Fig. 3). However, dot blot analyses (such as the one in Fig.
4) showed that generally reproducible amounts of DNA were injected. When about 250
pg DNA was injected usually 50-80% of the embryos developed normally, while
introduction of approximately 1 ng generally resulted in less then 10% healthy
embryos. The observed rates of survival were not unexpected since it has been
reported that injection of more than 500 pg DNA results in aberrant cleavages of the
embryo (Gurdon, 1974). In our experiments only healthy-looking embryos were
selected for analysis. Secondly, differences

between batches of embryos might

contribute to the variations in the amounts of DNA detected. For example, in one case
we observed that injected linearized p61 DNA was only replicated after the blastula
stage (data not shown), while normally the injected linear DNA was already amplified
at this stage (see below). These differences between batches were also observed when
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the eggs were injected with the same DNA construct Diversity on the degree of
amplification of exogenous DNA between batches of eggs has been noted before (e g.
Kneg and Melton, 1985; Marini et al , 1988), even when the different batches were
injected with the same construct (Kneg and Melton, 198S). Another example of
variation between batches concerns the persistence of injected DNA. Although in
general injected DNA was found to be almost fully degraded four weeks after
injection, some tissues of a 66-day-old toad still contained injected DNA (see below).
The fate of the injected DNA
To study the molecular mechanisms underlying gene regulation, cloned genes can
be microinjected into fertilized Xenopus eggs A prerequisite for investigations on the
expression of a gene injected into embryos is to know the fate of the injected DNA,
i.e. the molecular forms, the persistence and the distribution of the injected DNA in
the embryos and toads Therefore, these aspects were investigated and are described in
the following sections
Molecular forms of the injected DNA: Southern blot analysis of undigested,
Sad-digested and EcoRI-digested genomic DNA, isolated at different developmental
stages from embryos injected with Kpnl-Hindlll DNA fragments containing POMC
gene B, revealed that the injected DNA was ligated to tandem repeats (concatemers).
This ligation process started already within two mm after injection (lanes 1-6 in Fig 3)
and 24 hrs following injection virtually all POMC molecules were ligated to each other
(lanes 7-12 in Fig. 3) The Southern blot analysis also showed that the concatemers
predominantly consisted of head-to tail multimers In addition, this analysis and
Southern blot analyses of injected Яі^Ш-Р іЛІ or Pstì-Hindlll DNA fragments of
POMC gene constructs showed that ligation to concatemers was independent of the
compatibility of the ends of the molecules before injection The observed fast ligation
of linear DNA to predominantly head-to-tail concatemers in Xenopus eggs has also

>
Fig 3 Fate of the injected DNA Molecular forms (A) Predicted sizes of the Sad (S) or EcoRI (E)
restricted DNA fragments of Xenopus POMC gene В with 61 bp promoter region (as contained in clone
pI9POMC&A) and of restriction fragments of the ligated DNA Only fragments that will hybridize with a
probe covering the second and third exon of Xenopus POMC gene В are indicated (B) Southern blot
analysis of undigested (lanes 1, 4, 7, ¡0), Stcl-digesled (lanes 2, 5, 8, 11) or EcoRI-digestedflanes3, 6, 9,
12) genomic DNA isolated from Xenopus embryos injected with a fragment containing POMC gene В and 61
bp of its promoter, as contained in pl9POMC&A The genomic DNA was isolated 2 mm (lanes 1-6) or 24 hr
(lanes 7-12) after injection The blot was hybridized with a probe covering the second and third exon of
POMC gene В
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been noted for chicken histone genes and the pSV2CAT plasmid (Etkin et al., 1984;
Etldn and Pearman, 1987). In our case even nonhomologous DNA ends are joined, as
has been reported to occur in extracts of Xenopus eggs (Pfeiffer and Vielmetter, 1988;
Thodeetal., 1990).
Persistence of the injected DNA: To study the persistence of injected DNA а ШпаШ.
fragment of clone pl9POMC, containing the entire POMC gene B, was used. Dot blot
analysis of genomic DNA, isolated from injected embryos showed that the injected
DNA was amplified during the first 24 hrs (stage 22) after injection, but that the
amount of exogenous DNA decreased between 24 and 51 hrs (stage 35) after injection
(Fig. 4). Densitometrie scanning revealed that the injected DNA was amplified
approximately 12 times within the first 24 hrs after injection, while in the following 27
hrs the amount of exogenous DNA decreased to about 30% of that at 24 hrs after
injection. Genomic DNA isolated from non-injected embryos did only hybridize
weakly with the probe (Fig. 4) (hybridization of the probe with genomic DNA isolated
from a non-injected embryo at 6 hrs after fertilization was probably due to
contamination of this sample with genomic DNA of an injected embryo). Southern blot
analyses of genomic DNA isolated at later developmental stages from embryos injected
with the afore-mentioned Hindlll fragment showed that the degradation of exogenous
DNA continued until it was virtually undetectable four weeks after injection (data not
shown). Apparently, most of the injected linear DNA is not integrated into the host
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Fig. 4. Fate of the injected DNA: amplification and degradation of injected DNA. Dot blot analysis of
genomic DNA isolated from non-injected embryos (N) or embryos injected with a Hindlll fragment containing
Xenopus POMC gene В (I) at 2 mm, 6 hrs, 24 hrs or 51 hrs after injection. The blots were hybridized with
a probe covering the second and third exon of POMC gene B, Each of the dots on lanes 1 contains an
equivalent of 1/3 embryo of two pooled embryos, while dois 2-5 are two-folded dilutions of this extract

65

Chapter 5
genome, although linear DNA is thought to integrate better into the genome than
circular DNA (Etkin et al., 1984). As shown for our injected fragments (see above),
linear DNA is normally found to be ligated to concatemers. These multimers are in
general extensively replicated up to the gastrula stage, synchronously with the
replication of endogenous chromosomes (Mechali and Kearsey, 1984). It is likely that
nuclear formation is an important regulatory step before injected DNA can be
replicated (Marini et al., 1988). Presumably, linear DNA (ligated to concatemers) is
preferentially replicated over circular DNA because nuclear components might favour
to assemble around long linear molecules or they might become more stably assembled
around it (Marini et al., 1988). Commonly, after the gastrula stage the exogenous
DNA, injected either in a linear or circular form, is gradually degraded with an
ultimate loss of the majority (up to 95%) of input sequences at the tadpole stage (e.g.
Rusconi and Schaffner, 1981; Krieg and Melton, 1985). Based on the dot blot and
densitometer scanning data it is clear that the injected POMC fragments derived from
clone pl9POMC are replicated and degraded as is generally found for injected linear
DNA. Furthermore, the fact that degradation of exogenous POMC DNA continued
until it was undetectable (four weeks after injeclion) is also in line with data generally
found for the stability of exogenous DNA in injected Xenopus embryos (Rusconi and
Schaffner, 1981; Marini et al., 1988).
Distribution of the injected DNA: Southern blot analysis of //¿ndlll-digested genomic
DNA, isolated from several organs of a 60-day-old toad (stage 66) injected with
linearized pòi DNA, revealed that the injected DNA was distributed in a mosaic
pattern over the animal (Fig. 5); only DNA isolated from brain and heart hybridized
with the probe (lanes 1 and 2). The presence of a 12-kb fragment in both brain and
heart DNA is consistent with the size of a ffindlll fragment generated from the
digestion of head-to-tail concatemeric p61 DNA. The hybridizing DNA fragments of
3.5 and 5 kb (lane 2 in Fig. 5) can not be explained by DNA integration or head-to-tail

injected
12 3 4 5

control
ι

Fig. 5. Fate of the injected DNA: distribution of the
injected DNA.
Southern blot analysis of
HìndlII-digested DNA isolated from brain, heart,
liver, kidney and muscle (lanes 1-5, respectively) of a
non-injected 60-day-old toad (control) or of an animal
of the same age injected with linearized pol DNA
which contains the entire Xenopus POMC gene B.
The blot was hybridized with a probe covering the
second and third exon of POMC gene B. The sizes of
the hybridizing fragments were calculated from α λ
Pst/ marker
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or tail-to-tail ligation and might be the result of recombination. The high molecular
weight (HMW) fragments (> 12 kb) in the same lane might be junction fragments of
injected DNA joined to frog DNA, but they can also represent undigested POMC
genes. The hybridizing fragments in some of the control lanes probably represent the
endogenous POMC genes. Etkin and Pearman (1987) reported that in 6-month-old
injected frogs that still contained the exogenous DNA, this DNA had not been
integrated into the genome in 90-95% of the cases. Based on this information and our
data described above it is most likely that the detected exogenous POMC DNA
persisted as extrachromosomal HMW DNA in our 60-day-oId toad. The distribution of
injected DNA in a mosaic pattern in Xenopus embryos has also been found by others
(e.g. Rusconi and Schaffner, 1981; Etkin and Pearman, 1987; see also chapter 6 and 7
of this thesis).
In conclusion, sequences important for tissue-specific or stage specific expression
of a gene of interest can be determined and studied with the Xenopus gene transfer
system described here. However, since the amount of DNA present in embryos is
variable, expression can only be studied qualitatively, unless several animals are
pooled for one measurement. Furthermore, injected DNA is distributed in a mosaic
pattern over the embryo and disappears during development and thus it appears that
expression can only be successfully investigated at early stages of development (within
the first two weeks after fertilization).
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Expression of Xenopus Proopiomelanocortin Gene Constructs
Injected into Xenopus Oocytes and Eggs
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SUMMARY
In the pituitary of the toad Xenopus laevis two different proopiomelanocortin
(POMC) prohormones are encoded by two POMC genes (A and B). Comparison of the
structures of POMC genes A and В with each other and with mammalian POMC genes
revealed several conserved regions. Here, we injected a number of Xenopus POMC
gene constructs into Xenopus oocytes and eggs to determine whether the conserved
regions are important for regulation of POMC gene transcription. In oocytes
transcription of the injected POMC gene occurred at a low level and it was initiated at
multiple sites within both the gene and the vector sequence. Furthermore, splicing
probably did not occur properly. These results might well be due to a lack of specific
POMC gene regulatory factors in the oocyte. Remarkably, during days 3-7 after
fertilization, the skin of half of the more than 200 embryos injected with the POMC
gene itself was, for unclear reasons, paler than that of control animals or of embryos
injected with a POMC gene construct without the promoter region. Injection of a
Xenopus POMC gene promoter-lacZ fusion gene (pPOMC-lacZ) revealed in less than
10% of the cells of two-day-old embryos a non-specific and transient /3-galactosidase
expression distributed in a mosaic pattern. No expression was found in the pituitary of
embryos injected with either pPOMC-lacZ, a POMC gene promoter-chloramphenicol
acetyl transferase fusion gene or a POMC-lacZ construct that contained all putative
transcriptional regulatory sequences of the POMC gene. This is probably caused by the
mosaic distribution and degradation of the injected DNA, and the relatively late
appearance of the pituitary during Xenopus development.
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INTRODUCTION
Proopiomelanocortin (POMC) is the precursor protein for a number of peptide
hormones

and

neuropeptides

melanophore-stimulating

that possess

hormones

diverse

(MSHs),

the

biological

activities,

steroidogenic

e.g.

hormone

adrenocortictropin (ACTH) and the opiate peptide /3-endorphin. In the South-African
clawed toad Xenopus laevis a-MSH has ал important physiological role as it mediates
the adaptation of the animal to its background. Release of a-MSH from the pituitary
results in a black toad while inhibition of a-MSH release renders the animal pale. In
the pituitary of Xenopus laevis the intermediate lobe is the predominant tissue of
POMC expression. Here two POMC proteins (A and B; Martens et al., 1982) are
translated from two different POMC mRNAs (A and B; Martens, 1986) which are
derived from two POMC genes (A and B; chapter 2 and 4 of this thesis). The findings
that the levels of POMC mRNA-A and -B are approximately the same (Martens, 1986)
and that the amounts of both POMC mRNAs are much higher in the intermediate lobe
of black-background-adapted toads than in that of white-background-adapted toads
(Martens et al., 1987) indicate that POMC genes A and В are coordinately regulated.
The difference in POMC mRNA levels between black- and white-adapted toads is at
least in part due to differences in the rale of transcription of the POMC genes (Loh et
al., 1985; Ayoubi, 1991). Since evolutionary constraints lead to conservation of only
functional regions (Bell et al., 1980; Efstratiadis et al., 1980) the nucleotide sequence
of Xenopus POMC gene В has been compared with some mammalian counterparts
(chapter 2 of this thesis) and with Xenopus POMC gene A (chapter 4 of this thesis).
These comparative analyses led to the identification of a number of conserved regions
which may be involved in the regulation of Xenopus POMC gene transcription.
In order to assign a transcriptional regulatory function to a conserved sequence in
the Xenopus POMC gene, it is necessary to utilize an assay system in which
transcription of this gene occurs accurately. Among the systems currently available
(for review see Kressman and Bimstiel, 1980; Gurdon and Wickens, 1983), the
microinjection of cloned genes into the nuclei of amphibian oocytes and eggs has been
successfully used to elucidate the molecular mechanisms underlying the transcriptional
regulation of numerous eukaryotic genes (for review see Gurdon and Melton, 1981).
Microinjection of cloned DNA into fertilized eggs provides a powerful means for
analyzing the mechanisms that underlie tissue-specific gene expression, since the DNA
is introduced into a totipotent cell and is inherited by daughter blastomeres that enter
during development many different pathways of differentiation. A study of gene
transcription in the native tissue is especially important for hormone genes in general
and the POMC gene in particular, since the expression of these genes is modulated by
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vanous secretagogues, such as hormones and neurotransmitters (for reviews see Jenks
et al., 1988; Jones et al., 1990). Furthermore, it might be possible to manipulate the
expression of the injected Xenopus POMC gene in vivo by placing the transgenic toad
on a white or a black background. In addition, integration of the injected DNA into the
chromosomes of the developing toad might lead to transgenic offspring which also
offers a good system for studying POMC gene transcription. In contrast to
transformation of cultured mammalian somatic cell lines, injection of the Xenopus
POMC gene into Xenopus oocytes and fertilized eggs, as described here, has the
advantage that homologous assay systems are used.
MATERIALS AND METHODS
Construction of recombinant DNA molecules
The construction of clones рбі, pl9POMC and р19РОМСДА is described in
chapter 5 of this thesis. Clone p60 is as clone p61 but contains the Xenopus POMC
gene В and its flanking regions in the other orientation in pBR322. Clones ρ60ΔΑ was
obtained by digestion of clone p60 with Aval, filling in the 3'-recessed end with the
Klenow fragment of DNA polymerase I (Boehnnger Mannheim) and religation; this
clone contains only 61 bp of the POMC gene В promoter. Another deletion clone,
p60E251, was constructed by digestion of clone p60 with Sail, exonuclease ΠΙ
treatment for 25 mm, SI-nuclease treatment (Sambrook et al., 1989), blunt ending
with the Klenow fragment and religation. On the basis of restriction fragment analysis,
clone p60E251 lacked all promoter sequences and the transcription initiation site of the
Xenopus POMC gene. Clone p60HIRI was obtained by cloning of a 1.5 kb EcoRI
fragment of clone p60, containing the third exon of POMC gene B, in the
dephosphorylated EcoRl site of ρλΧΡΒ5ΗΙΗΙΠ, which is a pBR322 vector containing
in a 2.3 kb BamHI///indIII fragment the promoter, the first exon and part of intron A
of POMC gene A (chapter 4 of this thesis). The pPOMC-LacZ construct was obtained
in three steps: 1) cloning of a 0.5 kb BamHl/HgiAl fragment, consisting of 489 bp of
promoter sequence and 29 bp of exon one of Xenopus POMC gene A (chapter 4 of this
thesis), in the ВатШ/Pstl sites of pUC19, 2) isolation of the cloned fragment after
digestion with ВатШ and Яша ΠΙ and blunt-ended cloning in the HincU site of
pUC19, generating clone pA192, and 3) insertion of the blunt-ended 4.4 kb
НМШ/ВатШ lacZ gene of pCHHO (Pharmacia) in the Smal site of clone pA192.
The pPOMC-lacZpolA constnict was made by cloning the 1.3 kb НіпаШ fragment of
pEFBEGl

(kindly provided by Dr P.D. Vize, London), containing the two

polyadenylatmg signals of the Xenopus ß-globin gene (Patient et al., 1983), in the
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НіпаШ site of pPOMC-lacZ; this site is situated upstream of the POMC promoter.
Clone pPOMC(3)-lacZ was constructed by first deleting a 19-bp BamYVL fragment 5' of
the lacZ gene in pMC1871 (Shapiro et al., 1983) in order to obtain the lacZ gene
cloned in-frame with the POMC gene. This was followed by cloning of the 3.1 kb Pst\
fragment, containing lacZ, into the Nsi\ site of pl9POMC (in the third exon of the
POMC gene). The pPOMC-chloramphenicol acetyl transferase (CAT) construct was
obtained by cloning the 0.5 kb ВаЛІНіпаШ POMC gene A fragment of clone pA191
upstream of the CAT gene in pSVOATCAT (Meakin et al., 1989). Clone pA191 is
identical to clone pA192, except that the POMC gene A promoter is in the opposite
orientation. The orientation of the cloned fragments was checked using restriction
enzyme digestions.
Preparation of DNA for injection
For injection into eggs, isolation, purification and digestion of plasmid DNA as
well as isolation and purification of DNA fragments were as described in chapter 5 of
this thesis. For injections of oocytes plasmid DNA was isolated as for injection of eggs
but this DNA was precipitated with 0.5 vol. 7.5 M NH4OAc, 1 vol. isopropanol,
redissolved in TE, reprecipitated in 0.1 vol. 3 M NaOAc, 2.5 vol. ethanol and
dissolved in 80 mM NaCl in 10 mM Tris-HCl (pH 7.5). DNA concentrations were
determined with a spectrophotometer.
Isolation of Xenopus oocytes and eggs
Small clumps of Xenopus laevis oocytes at different stages of development were
immediately transferred to a petri-dish containing sterile Modified Earth's Saline-H
(MBS-H is 88 mM NaCl, 1 mM KCl, 2.4 mM NaHCOj, 10 mM HEPES [pH 7.5],
0.82 mM MgS0 4 , 0.33 mM Ca(N03)2 and 0.41 mM CaCl2). Just prior to transfer of
the oocytes 10 μg/ml streptomycin and 10 Mg/ml penicillin G were added to the
MBS-H. After

removal of follicular

tissue, stage-VI oocytes, which have an

unpigmented equatorial band (Dumont, 1972), were selected and transferred to fresh,
sterile MBS-H medium. Xenopus eggs were isolated as described in chapter 5 of this
thesis.
Microinjection of DNA into oocytes and fertilized eggs
Stage-VI oocytes were placed with the animal pole facing upwards in sterile MBSH on a teflon disc and the oocytes were centrifuged for 10 min at 3500 rpm at 20PC
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(Kressman et al., 1978). Within one hr after centrifugation of the oocytes, the clearly
visible nuclei of the oocytes were injected with various amounts of circular DNA in a
volume ranging between 2 and 20 id. After injection, the disc with oocytes was
transferred to a sterile petri-dish containing 5 ml MBS-H/antibiotic solution for 30
min. Then the oocytes were removed from the teflon disc and incubated in fresh,
sterile MBS-H/antibiotic medium at 20oC.
In vitro fertilization and injection of eggs were as described in chapter 5 of this
thesis. Generally, in experiments with injections of 0.25 ng DNA 50 to 80% of the
embryos developed normally, while with 1 ng DNA injected only less than 10% were
normal. Twenty-four hrs after injection, healthy-looking embryos were transferred to
aged and aerated tap water, at 22°С Tadpoles were staged according to Nieuwkoop
and Faber (1956).
Maintenance of embryos and toads
Embryos, tadpoles and toads were fed and maintained as described in chapter 5 of
this thesis.
RNA extraction, RNA dot blotting and primer extension analysis
Sixteen hrs after injection, RNA was extracted from four healthy oocytes according
to the method of Cathala et al. (1983). After lithium chloride precipitation, the RNA
pellet was dissolved in 200 μ\ extraction buffer (150 mM NaCl, 5 mM EDTA, 5%
phenol, 2% sarcosyl and 10 mM Tris-HCl; pH 7.6), and extracted twice with an equal
volume of hot phenol, twice with phenol chloroform (1:1) and once with chloroform.
Each sample was divided into two equal aliquots of oocyte RNA and the nucleic acids
were precipitated with ethanol. For RNA dot blotting, a 0.3 aliquot was diluted,
0

treated with RNase for 30 min at 37 C, and extracted twice with PCI. The
RNase-treated sample and the remaining 0.7 aliquot were diluted to 100 μΐ with
5xSSC, heated for 5 min at 650C and dotted on nitrocellulose paper. Preparation of
radio active probes and hybridizations were carried out as described previously
(chapter 2 of this thesis). Positive samples in the RNA dot-blot analysis were analyzed
by primer extension analysis according to Sambrook et al. (1989). In these experiments
a primer (16-mer) complementary to the sequence 5'-GACAACATGGAAGAGG-3'
located within the third exon of the Xenopus POMC gene В was annealed to oocyte
RNA of the second aliquot. In the dot-blot and primer extension analyses, RNA
extracted from intermediate pituitary lobes of black-adapted Xenopi was used as a
control.
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Whole-mount ß-galactosidase histochemistry of embryos
At different developmental stages, embryos injected with a LacZ construct and
mock-treated embryos were fixed in 4% paraformaldehyde in freshly prepared
phosphate-citrate (PC) buffer (90 mM Na2HP04, 50 mM citnc acid in 28 ml H 2 0 pH
7 5, Ghysen and O'Kane, 1989) for 1 hr at 40C After washing with PC buffer the
fixed embryos were stained for /3-galactosidase activity by incubation for 24-48 hrs at
30oC in a mixture of 5 mM potassium ferncyanide, 5 mM potassium ferrocyamde, 2
mM MgCU in PC buffer saturated with 4-chloro-5-bromo-3-indolyl-0-galactosidase (Xgal). Then, the embryos were postfixed in Bouin's fluid, dehydrated, embedded in
paraffin and cut in 7 μ m sections
CAT assay
Pituitanes of three-week-old tadpoles, which were injected with the pPOMC-CAT
gene fusion construct, were dissected and homogenized in 250 μΐ 250 mM Tns-HCl
(pH 7 8) After three freeze-thawing cycles for disrupting the cells, tissue debns was
removed by centnfugation The CAT activity in 100 μΐ supernatant was determined
according to Peek et al (1990)
Determination of the melanophore index
The melanophore index, reflecting the degree of pigment dispersion in the dermal
melanophores, was determined according to the criteria of Hogben and Slome (1931)
RESULTS
Injection of Xenopus POMC gene В into Xenopus oocytes
For the injection experiments with oocytes, the entire Xenopus POMC gene B,
including its flanking sequences (7 7 kb), was used To establish whether the vector
sequences affect POMC gene transcription, the gene was cloned in both orientations
into pBR322 (clones p60 and p61) Dot-blot analysis of RNA extracted from oocytes
injected with these clones, using exon three of the POMC gene as a probe, showed
that both orientations gave similar amounts of POMC-related gene transcnpts (Fig.
1A). These amounts (RNA equivalents of 1.5 oocytes) were less than 1% of the
quanbty of POMC-related transcripts m RNA extracted from an equivalent of 0.4
intermediate lobe of the pituitary of black-adapted toads. RNase-treated extracts of
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Fig. I Dot blot analysis of RNA extracted from
Xenopus oocytes micromjected with Xenopus
POMC gene constructs (A) Blot hybridized
with a probe covering the third exon of
Xenopus POMC gene В (В) Same blot as in A,
hybridized with a probe covering the POMC
gene В promoter Dot 1 contains an RNA
equivalent of a 0 4 neurointermediate lobe of
black-adapted Xenopus, dots 2-6 contain RNA
extracted from oocytes injected with 0 4 ng, 0 8
ng, 1 5 ng, 4 ng of clone p60 DNA or 2 ng of
clone pol DNA, respectively Of RNA extracted
from injected oocytes 0 7 aliquot (equivalent of
1 S oocyte) was dotted immediately (I), while
0 3 aliquot was dotted after RNase treatment
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injected oocytes hybridized only weakly with the probe (Fig

1A) indicating that

transcripts of the injected DNA, and not the DNA itself, caused the hybridization
signals. The endogenous POMC gene is not active in the oocyte since RNA extracted
from oocytes injected with buffer gave no signal. Dot-blot analysis of RNA extracted
from oocytes injected with circularized fragments containing the POMC gene and
derivatives

of clone p60 in which the promoter (ρ60ΔΑ), the promoter and

transcription initiation site (p60E251) or intron A sequences (p60HIRI) of the POMC
gene were deleted, revealed that these constructs gave results similar to those with
clone p60 itself

It therefore appears that the deleted sequences exert little or no

influence on the level of transcription of the DNA injected into the oocyte. The
dot-blot shown m Fig. 1A was rehybndized with a probe covering the promoter region
of POMC gene B. Except for the RNA isolated from the neurointermediate lobe, all
RNA samples hybridized with this probe with signal intensities being directly related to
the amounts of DNA injected (Fig IB). To determine whether the POMC-related
transcripts were initiated correctly, pnmer extension analysis was performed RNA
isolated from oocytes injected with 0 8 ng of clone p60 DNA showed the presence of
multiple extended products (Fig 2, lane 2). Similar results were obtained for RNAs
extracted from oocytes injected with clone p61 DNA and deletion mutants denved
from clone p60 In contrast, pnmer extension analysis of neurointermediate lobe RNA
isolated from black-adapted Xenopus showed an extended product of about 453
nucleotides (Fig. 2, lane 1) which reflects the production of correctly initiated and
processed Xenopus POMC mRNA.
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(lane 2). RNA equivalents of one neurointermediate lobe of a
black-adapted toad or of two oocytes injected with 0.8 ng clone
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Injection of Xenopus POMC gene В into in vitro fertilized Xenopus eggs
For the study on the regulation of Xenopus POMC gene transcription in the
developing toad, clone pPOMC-lacZ was used. This clone is a pUC19 vector
containing the bacterial lacZ reporter gene cloned downstream of the promoter region
and part of the first exon of POMC gene A. At different developmental stages,
embryos injected with clone pPOMC-lacZ were stained for /3-galactosidase.
Histological sections of a two-day-old embryo (stage 32) showed discrete regions of
/3-galactosidase expression randomly distributed over the embryo (Fig. 3). Generally,
5-10% of the cells were found to be stained. Six-day-old embryos (stage 48) showed
significantly less expression of /3-galactosidase (in less than 1 % of the cells), indicating
a gradual decrease in expression during development. Similar mosaic expression
patterns and dynamics were found in injection experiments using a fragment containing
the polyadenylation signals of the Xenopus /3-globin gene cloned upstream of the
POMC promoter (pPOMC-lacZpolA) or the lacZ gene cloned in the other orientation
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Fig. 3. A 7 μπι section of a
two-day-old Xenopus embryo
injected with the pPOMC-lacZ
construct
and stained
for
ß-galactosidase activity. Some
cell clusters expressing ß-galactosidase are marked (C). For
reference a ventricle (V), an optic
cup (O), the pharinx (P), jelly
coat (J) and yolk endoderm (Y)
are indicated. The bar corresponds to 0.2 mm

downstream of the POMC promoter. In over 50 embryos examined, no expression of
the constructs could be detected in the pituitary; the pituitary is visible from stage 42
onwards, i.e. 3.5 days after fertilization. Injection experiments were also performed
with the pPOMC-CAT construct, which contains the CAT enzyme-coding region
coupled to the POMC gene A promoter. Analysis of 30 pituitaries of three-week-old
embryos showed no detectable expression of the CAT enzyme. Next, the pPOMC(3)lacZ construct was generated by insertion of the lacZ gene in the third exon of POMC
gene B. This construct includes 473 bp 5'- and 1.6 kb З'-flanking sequences and
contains the conserved and therefore putative regulatory sequences of the Xenopus
POMC gene (chapter 4 of this thesis). Expression of the pPOMC(3)-lacZ construct
would give rise to POMC-lacZ fusion proteins. In these experiments sections of most
two-day-old embryos showed /3-galactosidase expression, in only a few cells. In the
other two-day-old embryos and in 10 six-day-old animals examined no expression
could be detected.
Interestingly, the skin of about half of more than 200 embryos injected with
pl9POMC was paler than that of the non-injected embryos (Fig. 4), while the skin of
the other half did not differ from that of control animals. Analysis of the degree of
pigment dispersion in dermal melanophores revealed that pl9POMC-injected embryos
with a pale skin had a lower melanophore index than non-injected animals. This effect
was transient (visible only during days 3-7 after injection) and it was not found in
embryos injected with р19РОМСДА.
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Fig. 4. 6-day-old non-injected embryo (upper)
and a б-day-old embryo injected with linearized
pl9POMC DNA (lower). The construct
p!9POMC is pUC19 containing Xenopus
POMC gene В with 473 bp of promoter
sequences. Animals were kept on a white
backgrouiul. The bar corresponds to 0.3 mm
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DISCUSSION
Expression of Xenopus POMC gene В in Xenopus oocytes
Although the oocyte transcription assay system has been succesfiilly used to map
the regulatory sequences of genes transcribed by RNA polymerase III (i.e. 5S and
tRNA genes; for review see Gurdon and Melton, 1981), attempts to use this system for
the identification of regulatory DNA elements of genes transcribed by RNA
polymerase II have yielded conflicting results. Genes encoding tumor antigens and
capsid proteins of SV40 and polyoma viruses and sea urchin histones are accurately
transcribed in the Xenopus oocyte (Rungger and Türler, 1978; Probst et al., 1979;
Etkin and Maxson, 1980). Except for the human zeta globin gene, chicken histone H5
gene and Xenopus albumin gene (Proudfoot et al., 1984; Wigley et al., 1985; Old et
al., 1988) the transcription of genes whose expression is tissue-specific appears to be
inaccurate, resulting in low levels of transcripts initiated from multiple sites other than
the in vivo transcription initiation site (e.g. Wickens et al., 1980; Mohun et al., 1986).
From the present study it is clear that, independently of the presence of the vector or
the orientation of the insert in the vector, the Xenopus POMC gene is also poorly
transcribed in Xenopus oocytes. In the intermediate lobe of a black-adapted Xenopus
laevis, POMC mRNA constitutes at least 50% of the amount of mRNA. With the
assumption that each cell contains about З.бхЮ5 mRNA molecules (Alberts et al.,
1983) the dot-blot RNA sample of 0.4 equivalent of an intermediate lobe contains
3.6x10' POMC molecules; an intermediate lobe consists of approximately 5xl0 4 cells
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expressing РОМС (Rijk et al.,

1990). The oocytes were microinjected

with

approximately IO8 POMC genes. The amount of transcripts in the injected oocyte
appears to be about 1% of the amount present in the dot-blot sample of the
neurointermediate lobe and we can therefore conclude that the transcriptional efficiency
in an oocyte is approximately 0.02 POMC transcripts/gene/hr. This low efficiency in
Xenopus oocytes is in the same order of magnitude as the transcriptional efficiency of
the chicken ovalbumin gene (less than 0.1 transcripts/gene/hr; Wickens et al., 1980).
Like the POMC gene, the ovalbumin gene shows a cell-type specific expression
pattern. The transcriptional efficiency of the POMC gene in Xenopus oocytes is at least
four orders of magnitude lower than that at the steady state level in the intermediate
lobe

of

a black-adapted

toad; this is estimated

to be about 500 POMC

transcripts/gene/hr (Ayoubi, 1991). It is not clear whether the relatively low amount of
POMC transcripts in the injected oocytes is due to reduced stability of the DNA or of
the transcripts, or to highly efficient transcription of only a small percentage of the
injected templates.
Previously, three regions conserved between Xenopus POMC genes A and В were
identified, namely the promoter region, a JH12 repetitive element in intron A and a
region upstream of the third cxon of the genes (chapter 4 of this thesis). Injections of
oocytes with several clones from which conserved sequences were deleted, revealed
levels of transcripts similar to that of the entire POMC gene B. This indicates that the
deleted sequences exert little or no influence on the level of transcription of the
injected DNAs in oocytes. From the primer extension analysis it is clear that the
detected transcripts were either shorter or longer than the correctly initiated and
processed POMC mRNA produced in melanotrope cells. Therefore, the similar levels
of expression in oocytes injected with either the entire POMC gene or deletion mutants
are probably caused by initiation of transcription from multiple sites in the vector or in
POMC gene sequences. In addition, incorrect splicing could have contributed to the
observed expression pattern. Therefore, our results indicate that the Xenopus POMC
gene is inaccurately transcribed when injected into Xenopus oocytes, possibly because
of a lack of specific regulatory factors in the oocyte. It has been shown that coinjection of a nuclear protein extract or of mRNA derived from cells "with
tissue-specific expression of the gene can mediate a correct transcription of that gene
in oocytes (e.g. Benvenisty et al., 1989). It may thus be possible to use the oocyte as a
'transcriptional complementation assay' system for the identification of tissue-specific
iranj-acting factors involved in Xenopus POMC gene regulation and for mapping of
the sequences to which these factors bind.
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Injection of Xenopus POMC gene В into in vitro fertilized Xenopus eggs
The finding that injection of embryos with the entire POMC gene gave paler
animals than non-injected embryos or embryos injected with the POMC gene without
promoter, indicates that the promoter region caused the phenotypic difference For this
observation several explanations can be given First, m cells containing the construct
with promoter the POMC protein might be expressed at a high level, eventually
leading to a negative feedback on a-MSH release by the intermediate lobe This is
unlikely because injection of a construct in which POMC-B cDNA was cloned
downstream of a strong non-tissue-specific promoter (pEF7B2POMC) had no influence
on the colour of the skin of the injected animals (chapter 7 of this thesis) A more
likely explanation is that, in contrast to the promotcrless construct, injection of the
construct containing the promoter leads to a higher level of POMC hnRNA expression
and thus also of intron sequences of the POMC gene These latter transcripts, which
include sequences of repetitive elements, might affect the expression of genes involved
in the process of background adaptation
The lacZ gene codes for /3-galactosidase, a non-toxic enzyme which uses the
chromogemc substrate X-gal to produce a blue precipitate (Sambrook et al , 1989)
Injection of constructs with the lacZ gene cloned in both orientations downstream of
the POMC promoter revealed embryos with mosaic expression patterns, indicating
non-specific expression

These expression patterns are probably caused by random

distribution of the injected DNA over the embryo Non-specific expression during late
blastula and gastmla stages as well as mosaic distribution of the injected DNA in
Xenopus embryos have been previously reported (e g Etkin and Pearman 1987, Jonas
et al , 1989) The non-specific expression observed in our study could not be
prevented by insertion of polyadenylation signals upstream of the POMC promoter,
which might indicate that at least part of the lacZ transcripts initiated in or downstream
of the POMC promoter Non-specific expression is predominantly found at early
developmental stages (until about stage 30, Brakenhoff et al , 1991) This may explain
the fact that six day-old embryos injected with the POMC-lacZ construct showed
hardly any expression In addition, the decrease in the amount of exogenous DNA will
contribute to this lower level of expression

Analogous to the experiments with the

Xenopus keratin gene (Jonas et al , 1989), inclusion in the construct of sequences
located more upstream of the Xenopus POMC gene might prevent non-specific
transcription
There are several explanations for the fact that expression of the pPOMC-lacZ
fusion constructs was never detected in the pituitary

First, absence of important

regulatory regions for POMC gene transcription could cause a lack of expression in
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the pituitary

However, injection of a POMC-lacZ fusion construct containing the

entire POMC gene B, including all conserved regions in the introns and flanking
sequences of the Xenopus POMC genes A and В (chapter 4 of this thesis), gave also
no expression in the pituitary

In addition, in mice transgenic for a rat POMC

promoter-fusion construct, 480 bp of the promoter were sufficient to direct selective
expression of the fusion gene in corticotrope and melanotrope pituitary cells (Hammer
et al , 1990)

On the basis of the companson of Xenopus and mammalian POMC

promoters, it can be concluded that the Xenopus POMC promoters in the constructs
used in our study correspond to approximately 440 bp of the rat POMC promoter
(chapter 2 of this thesis) Thus it might well be that the length of the Xenopus POMC
promoter used here is sufficient for tissue specific gene regulation

Secondly, the

failure to detect expression in the pituitary could be due to the instability of
POMC-lacZ mRNA or protein This is not likely, however, because the lacZ protein is
very stable (Teen et al , 1989) and, furthermore, expression of the stable CAT enzyme
could also not be detected in pituitanes of embryos injected with the POMC-CAT
construct The most likely explanation for the observed absence of POMC-lacZ gene
expression in the pituitary is the absence of exogenous DNA in the pituitary caused by
the mosaic distribution and degradation of the injected DNA, and the relatively late
appearance of the pituitary dunng Xenopus development Mosaic distribution as well as
the low level of integration might be due to the fast ligation of the linear DNA
molecules to concatemers Promoters of many tissue-specifically expressed genes, like
the genes encoding Xenopus cardiac actin (Mohun et al , 1986), skeletal muscle actin
(Steinbeisser et al , 1988), epidermal keratin (Jonas et al , 1989) and rodent
γ-crystallins (Brakenhoff et al , 1991) direct proper expression in the correct tissue
when micromjected into Xenopus eggs In contrast to the POMC gene, such genes are
expressed m tissues that are formed early in development Therefore, with this system
of gene transfer into Xenopus eggs, it might only be possible to study transcriptional
regulation of genes that are expressed dunng the early stages of development
To overcome the problem encountered in this study, gene transfer techniques
should be used that allow a higher degree of integration of the introduced DNA In this
respect transposons, comparable to the Ρ element in Drosophila (for review see
Engels, 1989) or retroviruses, which have been used to generate transgenic mice (for
review see Temin, 1989), may be used for stable transformation of Xenopus embryos
m order to study the regulation of gene transcnption in transgenic toads.
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Chapter 7
SUMMARY
Recent data indicate that the processing products of the prohormone
proopiomelanocortin (POMC) have widespread functions in the organism, such as the
control of adaptation, reproduction, growth and development. In the South-African
clawed toad Xenopus laevis the D2 dopamine receptor and the neuropeptide 7B2 are,
besides POMC, essential for the proper functioning of the melanotrope cells of the
Xenopus pituitary. In these cells POMC is processed to, among other peptides,
a-melanocyte-stimulating hormone (α-MSH), which regulates background adaptation of
the animal. Release of α-MSH results in a dark coloured toad, while inhibition of
α-MSH release gives a pale animal. Dopamine inhibits α-MSH release from the
melanotrope cell by binding to the D2 dopamine receptor. The polypeptide 7B2 is
coexpressed with POMC and co-released with α-MSH by the melanotrope cells and
has been implicated in the control of the secretory activity of these cells.
Proenkephalin A (PEA) is, like POMC, a neuropeptide precursor of which the
processing products have been suggested to play a role in embryogenesis. To study the
function of POMC and functionally related proteins ÇDj dopamine receptor, 7B2 and
PEA) in Xenopus development, we used an expression vector containing the Xenopus
elongation factor-la promoter, which directs high expression in all cell types from the
mid-blastula transition onwards. DNA sequences coding for the respective proteins
were cloned into this vector and the constructs were injected into in vitro fertilized
Xenopus eggs. Analysis of more than 200 Xenopus embryos per construct revealed in
all cases no effect on development at the macroscopic and microscopic levels. Of the
embryos injected with the construct coding for the rat D2 dopamine receptor, 75
percent was, for unknown reasons, darker than the control animals, while the others
did not differ from the controls. This effect was found to be transient since the
difference in colour was only seen during days 3-7 after injection. A phenomenon
observed during our experiments is the mosaic distribution of the injected DNA over
the embryo, which may explain why no effects of the proteins encoded by the injected
DNAs were noted. When this problem is solved the approach described here might
well provide a method to gain information concerning the role of POMC and related
peptides in Xenopus development.
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INTRODUCTION
For many years it has been thought that important physiological processes in an
organism, such as reproduction, growth, development and adaptation, are autonomous
events regulated separately by distinct neurotransmitters and hormones. To date there
are numerous data that indicate that particular hormones and hormone families are
involved in the regulation of diverse physiological processes (for reviews see e.g.,
Eberle, 1988; Jacobowitz, 1988). This is most clear for the prohormone
proopiomelanocortin (POMC) and its cleavage products. POMC is predominantly
expressed in the pituitary, where it is tissue-specifically processed. In the anterior lobe
POMC is cleaved to, among others, adrenocorticotropic hormone (ACTH),
/3-lipotropic hormone (ß-LPH), /3-endorphin and peptides derived from the N-terminal
region, while in the intermediate lobe corticotropin-like intermediate lobe peptide
(CLIP), α-melanocyte stimulating hormone (a-MSH) and /3-endorphin are the major
end products. POMC occurs not only in the pituitary, but is also found in the
hypothalamus and in peripheral organs, such as testis (Chen et al., 1984), adrenals
(Evans et al., 1983), lymphoid tissue (Lolait et al., 1986; Harbour et al., 1987), ovary
and placenta (Chen et al., 1986).
For the various processing products of POMC diverse functions have been found or
suggested (for review see Eberle, 1988). In Xenopus laevis the hormone a-MSH
regulates background adaptation (for review see Bagnata and Hadley, 1973). ACTH is
best known for its regulatory role in the release of glucocorticoids and is furthermore
implicated, just as ^-endorphin, in body growth, fattening and the reactivation of the
reproductive axis (Ssewannyana et al., 1988). In addition, /3-endorphins are believed to
affect the release of growth hormone, prolactin and gonadotropin releasing hormone
and may be involved in the pathophysiology of endotoxic shocks and they may play a
role in modulation of behavioral and autonomic functions and of pain (Harbour et al.,
1987; Handelmann, 1988; Adams étal., 1991; L'Hereault and Barden, 1991). Finally,
the active and sustained mitogenic stimulus needed for adrenal regeneration after
adrenal enucleation has been ascribed to N-terminal POMC peptides released from the
anterior pituitary (Estivarez et al., 1988).
Recently, POMC-derived peptides have been detected in the pituitary and brain
early during gestation and consequently they have been suggested to be important
during development (Khachatunan et al., 1991). In the present preliminary study we
investigated the function of POMC during development using the South-African clawed
toad Xenopus as a model. Regulation of synthesis and release of POMC in the Xenopus
intermediate lobe is the research subject in our laboratory for many years, particularly
because expression of POMC and release of a-MSH can be readily manipulated in this
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animal in vivo. When Xenopus is placed on a black background, or-MSH is released
from the intermediate lobe. This causes darkening of the skin of the toad. On a white
background release of a-MSH is inhibited, resulting in a pale toad (for review see
Bagnare and Hadley, 1973). In our study we have also paid attention to two other
proteins that are important for the functioning of Xenopus melanotrope cells and
possibly for their development: the Dj dopamine receptor and the 7B2 protein. In the
intermediate lobe, release of POMC-derived peptides is under inhibitory dopaminergic
control, mediated through D2 dopamine receptors (Loh et al., 1985; Verburg-van
Kemenade et al.,

1986). In these cells the highly-conserved,

neuroendocrine

polypeptide 7B2 is coordinatedly expressed and co-released with or-MSH (Ayoubi et
al., 1990, 1991). Although the 7B2 protein is generally found in secretory cells and
plays a particularly important role in the secretory dynamics of melanotrope cells
(Ayoubi et al., 1991), its precise function is unknown. In addition, we have studied a
possible role in Xenopus development of another polyprotein precursor, proenkephalin
A2 (PEA). Enkephalin-like immunoreactivity has been detected in glial-like structures
in certain stages of embryonic development and in neural regions where these peptides
are absent in the mature nervous system (Zagon et al., 1983). Furthermore, PEA
mRNA is abundantly expressed

in nondifferentiated

mesodermal cells during

organogenesis, but completely disappears upon terminal differentiation of these tissues.
Based on these findings a role of proenkephalin-derived peptides in growth and
differentiation has been suggested (Keshet et al., 1989).
To

study

the function

of

the above-mentioned

proteins during Xenopus

development, a reverse-genetical approach has been exploited. In mice, this technique
has been used for investigations on the potential involvement of gene products in
tumorigenesis and, to a lesser extent, in development (for review see Adams and Cory,
1985; Hanahan, 1989). Xenopus constitutes a good model system for studying the
influence of gene products on development because 1) the large size of the Xenopus
egg

facilitates

the microinjection

of biological

material,

2) the process

of

embryogenesis is well documented (Nieuwkoop and Faber, 1956), 3) Xenopus is
oviparous and therefore embryogenesis can readily be observed, and 4) Xenopus
embryogenesis is fast, i.e. development of a fertilized egg to a tadpole takes only 3-4
days. For our approach the expression vector pEFBEGl was used which contains the
efficient promoter of the Xenopus elongation factor l a (EF-la) gene that directs
expression in all tissues from the mid-blastula transition (МВТ) onwards (Krieg et al.,
1989; P.D. Vize, personal communication). This vector contains also the 3' end of the
Xenopus /3-globin gene (Patient et al., 1983), which includes sequences required for
efficient polyadenylation (Krieg and Melton, 1985). Nucleotide sequences coding for
the above-mentioned polypeptides were cloned into this vector, the constructs were
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injected into in vitro fertilized Xenopus eggs, and the the role of the expressed
exogenous proteins during Xenopus development were examined.
MATERIALS AND METHODS
Construction of recombinant DNA molecules
In all DNA constructs pEFBEGl (kindly provided by P.D. Vize, Cambridge, USA)
was used as expression vector; the constructs are depicted in Fig. 1. This vector is
derived from pSP72 (Promega) and contains 4.5 kb promoter sequences, the cap site,
about 30 bp of the 5'-untranslated region of the Xenopus elongation factor l-o (EF-lor)
gene in the EcoRV site. In addition, pEFBEGFl contains a 1.3 kb fragment covering
the 3' end of the Xenopus |3-globin gene in the Р мІІ site of the multiple cloning
region. In pEFBEGl, the Soci, Kpn\, Sma\ and Pst\ restriction sites in the multiple
cloning region are unique. For the construction of pEFDOP a 1.3 kb SmallPstl
fragment of cDNA clone GRB-2, coding for the rat D, dopamine receptor (Bunzow et
al., 1988), was cloned into the corresponding sites of pEFBEGl. Cloning of a 0.8 kb
SmallPvull fragment of a subclone of cDNA clone λΗ7 (Martens, 1988), containing
the entire protein-coding region of the human 7B2 mRNA, into the Smal site of
pEFBEGl resulted in pEF7B2. For the construction of pEF7B2POMC, pEF7B2ENK
and pEF7B21acZ clone pl97B2 was used. This clone contains the 5'-noncoding, signal
peptide and most of the 7B2 coding sequences of clone XH7 inserted as a 660 bp
Smal/ВатШ fragment in the corresponding sites of pUC19. Clone pEF7B2POMC was
constructed in three steps. First, a 1 kb Xholl fragment of cDNA clone pXP20
(Martens, 1986), coding for nearly the entire Xenopus POMC-B protein and 3'
untranslated mRNA region, was inserted into the BamHl site of pUC19 (generating
pl9PXP). Next, pl9PXP was digested with Smal and Pstl, the POMC-encoding DNA
fragment was isolated and cloned into the EcoRV/Pstl sites of pl97B2, downstream of
the signal peptide coding region and 13 coding triplets of 7B2 (pl97B2PXP). Finally,
the produced 7B2-POMC fusion gene was isolated as a 1.2 kb SacVPstl fragment and
inserted into the SacllPstl sites of pEFBEG 1. Clone pEF7B2ENK was also constructed
in three steps. The starting clone was рХЕЗ, which is a 4 kb НіпАШ fragment
containing the fourth exon of the Xenopus proenkephalin gene A2 (PEA; Martens and
Herbert, 1984) cloned in pBR322. From this clone, a 1.8 kb Nsil fragment, containing
the coding region for four of the seven enkephalins derived from PEA and 1.2 kb
З'-flanking sequences, was cloned into the Pstl site of pUC19 (pl9ENK). Next,
pl9ENK was cut with Sphl, blunt-ended with T 4 DNA polymerase and digested with
Pstl. The generated 1.8 kb fragment was inserted into the EcdKV/Pstl sites of pl97B2
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Fig. 1 Schematic representation of the recombinant DNA clones injected into Xenopus eggs The DNA clones (pEFlacZ, pEFDOP, pEF7B2, pEF7B2UuZ,
pEF7B2POMC and pEF7B2ENK) consist of the pEFBEGI expression vector (left) and inserted protein-encoding DNA fragments (right) The restnaion sites used for the
cloning of the DNA fragments into pEFBEGI are depicted In the scheme of the inserted DNA fragments, hatched boxes represent protein-encoding regions, solid boxes
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(pl97B2ENK). After digestion of pl97B2ENK with Kpnl and Pstl the 7B2-PEA fusion
gene fragment of 1.9 kb was isolated and cloned into the Kpril/Pstl sites of the
expression vector pEFBEGl to give pEF7B2ENK.
As controls two expression vector constructs with lacZ were made, namely
pEFlacZ and pEF7B21acZ. For the construction of pEFlacZ, pCHHO (Pharmacia) was
digested with НіпаШ, blunt-ended with T 4 DNA polymerase and digested with Pstl.
From this digestion a 4.4 kb fragment, which contains the lacZ gene with its own
translation initiation signal and SV40 large T-antigen polyadenylation signals, was
isolated and inserted into the Small Pstl sites of pEFBEGl. For the construction of
pEF7B21acZ, pMC1871 (Shapiro et al., 1983) was digested with SmallSañ.
Subsequently, the 3 kb lacZ gene fragment, which does not contain the authentic lacZ
translation initiation signal, was isolated and cloned into the EcoRV/Sall sites of
РІ97В2 to give pl97B2PMC. From pl97B2PMC a 3.1 kb Kpnl/Pstl 7B2-lacZ
fusion-gene fragment was isolated and subcloned in the corresponding sites of
pEFBEGl. In pEF7B21acZ the lacZ gene is, in contrast to pEFlacZ, preceded by the
7B2 signal peptide coding sequence. All constructs were checked for correct cloning
and orientation of the inserts by restriction enzyme analyses. For proper expression of
7B2-lacZ, 7B2-POMC and 7B2-PEA fusion products, in-frame cloning of the lacZ-,
POMC- and ΡΕΑ-encoding DNA sequences with the 7B2 signal peptide coding region
was necessary. Therefore, correct cloning was checked by DNA sequence analysis of
the fusion regions in clones pl97B21acZ, pl97B2PXP and pl97B2ENK. The DNA
sequences were determined by the dideoxy chain termination procedure (Sanger et al.,
1977) on double-stranded DNA using T 7 DNA polymerase (Pharmacia).
Injection of in vitro fertilized Xenopus eggs
Preparation of the injected DNAs as well as isolation, in vitro fertilization and
injection of Xenopus eggs were as described in chapter 5 of this thesis, except that
circular instead of linear DNA was injected.
Maintenance and analysis of embryos
Xenopus embryos, tadpoles and toads were maintained and fed as described in
chapter 5 of this thesis. During 14 days after fertilization, embryos injected with
expression vector constructs were analyzed daily at the macroscopic level for
anatomical and behavioral differences compared to non-injected and pEFBEGl-injected
embryos. After these 14 days, the analyses were performed three times a week until
one month after fertilization. At several developmental stages embryos were fixed,
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embedded and sectioned as described in chapter 6 of this thesis. At the macroscopic
level more than 200 embryos and at the microscopic level more than 10 embryos were
analyzed per construct. Of embryos injected with pEFDOP the degree of pigment
dispersion in dermal melanophores was determined (Hogben and Slome, 1931).
Embryos injected with pEFlacZ or pEF7B21acZ were analyzed for 0-galactosidase
expression using the whole-mount /3-galactosidase histochemistry assay as described in
chapter 6 of this thesis. Except for embryos injected with lacZ-containing constructs,
cells of sections were stained with haematoxylin and eosin prior to microscopic
analysis.
Immunocytochemistry
Embryos were immunocytochemically analyzed for POMC expression according to
Sternberger (1979) as modified by Ayoubi et al. (1991). Anti-POMC antiserum RB-24
(kindly supplied by F.E. Estivarez, Argentina) was used at a dilution of 1:100. This
antiserum has been shown to bind to POMC of the teleost fish Prochilodus platensis
(Estivarez and Iturriza, 1985) and to Xenopus POMC (B.G. Jcnks, personal
communication).
In situ hybridization
Embryos were analyzed for expression of mRNA encoding the rat Dj dopamine
receptor by in situ hybridization as described by Ayoubi et al. (1991). A 1.3 kb
Smal/Pstl DNA fragment of cDNA clone GRB-2, coding for the rat D2 dopamine
receptor, was labelled with [32P]dATP using nick translation and used as a probe
(Sambrook et al., 1989) (specific activity 4.5xl0 7 cpm//ig; l.SxlO6 cpm/10 μΐ
hybridization buffer). Sections dipped for autoradiography in Ilford G5 emulsion were
exposed for two weeks.
RESULTS
To study the influence of POMC and related proteins on Xenopus development, the
expression vector pEFBEGl was used. This vector contains the promoter of the
Xenopus EF-la gene and the З'-end of the Xenopus ß-globin gene. The expression
vector and the constructs pEFlacZ and pEF7B21acZ (Fig. 1) were injected into in vitro
fertilized Xenopus eggs. pEFlacZ consist of the lacZ gene with its own translation
intitiation signal and the У-end of the SV40 large T-antigen gene in pEFBEGl, while
pEF7B21acZ contains in pEFBEGl the lacZ gene without its native translation
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initiation signal but preceded by the coding region for the signal peptide and 13
N-terminal amino acids of human 7B2. Analysis at the macroscopic and microscopic
levels of embryos injected with these three constructs revealed no influence of these
constructs on Xenopus development. Microscopic analysis of sections of two-day-old
embryos injected with pEFlacZ and stained for /3-galactosidase expression showed
many discrete blue-coloured regions distributed in a mosaic pattern over the embryo
(Fig. 2). Sections of six two-day-old and six three-day-old embryos injected with
pEF7B2lacZ showed ß-galactosidase expression in the head of only one two-day-old
embryo.

* »,

Fig. 2. A 7 μτη section of a two-day-old Xenopus embryo injected with pEFlacZ and stained for
ß-galactosidase activity. The pEFlacZ construct is a pEFBEGl expression vector containing the
ß-galactosidase coding region. Some cell clusters expressing ß-galactosidase are marked (C). For reference
the yolk endoderm (Y), adhesive gland (A), optic cup (O), ventricle (V) are indicated. The bar corresponds
to 0.2 mm

Subsequently, DNAs encoding the Xenopus POMC, human 7B2, Xenopus PEA2
and rat Dj dopamine receptor were cloned into pEFBEGl, generating the constructs
pEF7B2POMC, pEF7B2, pEF7B2ENK and pEFDOP, respectively (Fig. 1). The first
three clones contain the signal peptide-coding region of human 7B2 cDNA upstream
and in the same reading frame as the coding regions of the functional proteins. It is
expected that when these constructs are expressed the signal peptide will direct the
proteins to the secretory pathway, which presumably leads to the release of their
processed end products from the cell.
Macroscopic and microscopic analyses of the injected embryos revealed no
influence of POMC, 7B2, Dj dopamine receptor or PEA2 on Xenopus development.
Immunocytochemical analysis of sections of two pEF7B2POMC-injected embryos of
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stage 22 (one-day-old) with an antiserum recognizing Xenopus POMC precursor
molecules and POMC-derived peptides revealed no expression of POMC. In 75% of
over a hundred three-day-old embryos injected with pEFDOP the skin was darker than
that of non-injected embryos (Fig. 3), while the skin of the others was like that of
control animals. This difference was seen in embryos placed either on a black or a
white background and the effect was found to be transient because it was only detected
at days 3-7 after injection. Compared with control animals, dark-coloured embryos
injected with pEFDOP showed a rise in the melanophore index and furthermore,
three-day-old embryos had many non-melanophore, dark skin cells (Fig. 3). To
detennine the regions of expression of the D^ dopamine receptor, sections of
dark-coloured, three-day-old embryos injected with pEFDOP were hybridized in situ
with a rat D2 dopamine cDNA probe. The labelling of these sections was not different
from that of pEFDOP-injected tadpoles having a normal coloured skin or that of
control animals.

É
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Fig. 3. Three-day-old Xenopus embryo injeaed with pEFDOP (upper) and a three-day-old non-injected
embryo (lower). The construct pEFDOP is a pEFBEGl expression vector containing the rat Dj dopamine
receptor coding region. Animah were kept on a white background. The bar corresponds to 0.5 mm

DISCUSSION
The expression vector pEFBEGl contains the efficient promoter of the Xenopus
EF-la gene and the 3' end of the Xenopus |3-globin gene (Patient et al., 1983), which
includes sequences required for efficient polyadenylation (Krieg and Melton, 1985).
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Two-day-old embryos injected with pEFlacZ revealed /3-galactosidase expression in
discrete regions of the embryo. Since the EF-lcr promoter directs expression in all
tissues (Krieg et al., 1989; P.D. Vize, personal communication) the random pattern of
/3-galactosidase expression is probably the result of a mosaic distribution of the injected
DNA in the embryo, which is generally found for Xenopus embryos injected with
DNA at the one-cell stage (Etkin and Pearman, 1987; Giebelhaus et al., 1988; Jonas et
al., 1989; chapter 6 of this thesis). The fact that much less expression of
/3-galactosidase was detected when the lacZ gene was preceded by a signal peptide
coding region, might indicate that the sorting of the lacZ protein to the secretory
pathway causes a lower level of enzyme inside the cell. If this is the case,
/S-galactosidase derived from pEF7B21acZ can only be detected in cells that store their
secretory products (i.e. neurons and endocrine cells with a regulated secretory
pathway) and not in cells having only a constitutive secretory pathway. In this respect
it is interesting to note that a similar, low level of /3-galactosidase expression has been
detected in embryos injected with a construct in which the lacZ-coding region is
preceded by the signal peptide of POMC (chapter 6 of this thesis). An alternative
explanation for the low level of /3-galactosidase expression in pEF7B21acZ-injected
embryos compared to pEFlacZ-injected embryos is that /3-galactosidase activity would
be inhibited when it is expressed as a 7B2-/3-galactosidase fusion protein. In any case,
the finding that the pEFlacZ expression construct directs expression of lacZ in many
cells and that it has no influence on Xenopus development, indicates that the expression
vector pEFBEGl can be used for the study on the role of POMC and related proteins
in Xenopus development.
The skin of embryos injected with the construct containing the D2 dopamine
receptor was transiently darker than the skin of control animals. Release of or-MSH
from melanotrope cells is inhibited by dopamine, acting through the D2 dopamine
receptor (Martens et al., 1991). Release of cc-MSH induces dispersion of dermal
melanophores resulting in a darkening of the animal. Therefore, the observed
darkening of embryos injected with the D2 dopamine receptor construct may be due to
a lower level of dopamine in the embryo, caused by binding of dopamine to the
overexpressed rat D2 dopamine receptor in cells close to the intermediate lobe.
Dopamine is not only involved in the control of a-MSH release, but also in the
regulation of many processes in the central nervous system (e.g. Weiner and Molinoff,
1989). Binding of dopamine by Dj dopamine receptors in this complex organ may also
have led to the observed change in skin colour in pEFDOP-injected embryos.
However, since less than 10% of the cells of injected embryos contain pEFDOP (based
on /3-galactosidase expression in two-day-old embryos injected with pEFlacZ) while
75% of these embryos had a darkened skin, it is unlikely that the observed effect is
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caused by expression of the DT dopamine receptor in a small, restricted region of the
animal. Based on these percentages the darkening of embryos is probably an effect
caused by D2 dopamine receptor expression in a number of tissues. How this
expression can result in dark-coloured embryos is at present unclear The most likely
explanation for the disappearance of the darkening of the skin is a decrease in the
amount of injected DNA in the developing embryo. Degradation of injected linear as
well as circular DNA during Xenopus development has been noted previously (Rusconi
and Schaffner, 1981; Etkin et al., 1984, Etkin and Pearman, 1987, Marini et al.,
1988; Jonas et al , 1989, chapter 6 of this thesis)
Recently, experiments involving injection in Xenopus embryos of mRNA or cDNA
encoding growth factors (McMahon and Moon, 1989, Koster et al., 1990; Christian et
al , 1991) or the polyoma middle Τ (Whitman and Melton, 1989) have been
performed. These expenments revealed effects of these proteins on Xenopus
development and demonstrate the value of this gene transfer system as a tool to study
the role of proteins in Xenopus development We were not able to detect any effect on
Xenopus development of proteins encoded by the injected DNA constructs. In view of
the /î-galactosidase expression with pEFlacZ-injected embryos it is to be expected that
POMC, 7B2, DT dopamine receptor and PEA are expressed Since in general embryos
in which proteins affecting Xenopus embryogenesis are overexpressed will die before
metamorphosis (P D Nieuwkoop, personal communication) it seems unlikely that
Xenopus POMC, human 7B2, rat DT dopamine receptor or Xenopus PEA have an
influence on Xenopus development However, analogous to injections of the
pEF7B21acZ construct mentioned above, a low level of expression might have
prevented the occurrence of visible effects of these proteins on Xenopus development.
Furthermore, it is likely that in many cells of embryos injected with the corresponding
constructs, 7B2-, POMC- and PEA precursor molecules are not processed, because
their specific processing enzymes are not expressed and secretory granules are not
present in these cells, prohormones themselves are generally thought to be biologically
inactive (Benjannet et al , 1991, Krieger and Hook, 1991)
In conclusion, the major problem encountered during our study appears to be the
mosaic distribution of injected DNA If this problem can be overcome, e.g. by gene
transfer with the use of transposons or retroviral vectors (for reviews see Engels,
1989; Temin, 1989), the present approach might be fruitful in attacking the question
concerning the roles of POMC and functionally related proteins (7B2, Dj dopanune
receptor and PEA) in the control of (Xenopus) development
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General Discussion and
Future Directions

GENERAL DISCUSSION
The first part of this thesis describes the structural analysis of Xenopus POMC genes
A and B. Since it is generally accepted that evolutionary constraints lead to conservation
of functionally important regions (Bell et al., 1980; Efstratiadis et al., 1980) comparative
structural analyses of genes can lead to the identification of putative di-acting regulatory
DNA sequences. A comparative analysis of the promoter region and first exon of Xenopus
POMC genes A and В with those of the human, bovine, rat and mouse POMC genes
resulted in the identification of 17 conserved and thus putative dj-acting sequences
(chapters 2 and 4). Although many of these sites in the mouse and rat POMC promoter
are bound by proteins (Bishop et al., 1990; Riegel et al., 1990; Themen and Drouin,
1991), suggesting that they might be important for the regulation of POMC gene
expression, a functional analysis is necessary to establish the conserved regions as
regulatory DNA elements. On the other hand, the putative dj-acting sequences that
apparently are not bound by proteins in these mammalian studies are not necessarily
non-functional. The reason that some of the conserved sequences did not bind proteins
could be due to the fact that only a limited number of cell types were used for extraction
of nuclear binding proteins, namely AtT20 cells, which represent cells derived from the
anterior lobe of the mouse pituitary, and cells that normally do not express the POMC
gene (Bishop et al., 1990; Riegel et al., 1990; Therrien and Drouin, 1991). The POMC
gene is, however, expressed in cells of many organs, such as pituitary, testis, ovary,
placenta, lymphoid tissue and adrenals (e.g. Evans et al., 1983; Chen et al., 1984; Lolait
et al., 1986), and thus in these organs specific DNA-binding proteins might be present
that regulate POMC gene expression through sites that did not bind proteins in the
afore-mentioned studies.
Since the genome οι Xenopus laevis appears to have arisen by chromosome duplication
some 30 million years ago (Bisbee et al., 1977; Thiebaud and Fischberg, 1977) studies
on genes of this animal are advantageous, because all genes are present as pairs. The two
Xenopus POMC genes contain, besides the promoter region, two large and many small
conserved intron regions at relatively similar positions within the genes (chapter 4). This
high degree of conservation of corresponding intron sequences is also found for pairs of
Xenopus genes encoding vitellogenins В and albumins (Germond et al., 1983; May et al.,
1983), but it is not present between the corresponding intron sequences of the paired
Xenopus genes coding for vitellogenins A and larval /3-globins (Germond et al., 1983;
Meyerhof et al., 1986). At present the fiinctional significance of the conserved intron
sequences is unclear. The conservation of a JH12 repetitive element between the two
POMC genes is interesting and deserves further attention (chapter 4). Although it has been
reported (hat some repeats show a scattered distribution in the vitellogenin and albumin
gene loci (Ryffel et al., 1983) it is unknown whether the observed high conservation of
corresponding introns of the paired Xenopus vitellogenin В and albumin genes can be
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attributed to repeats.
In addition to the JH12 elements, the POMC genes contain other repeats (chapter 2,
3 and 4). An interesting repetitive element is the Vi-transposon-like element which occurs
four times in POMC gene A but which is absent from POMC gene В (chapter 3). These
Vi elements probably invaded POMC gene A during evolution, because it is unlikely that
four Vi elements in the ancestor POMC gene should have been deleted from POMC gene
В but none from POMC gene A. In any case, since the repetitive elements are not
conserved in the Xenopus POMC genes, with the notable exception of the JH12 element,
these elements might not have a function in the regulation of POMC gene transcription.
An interesting aspect of the comparison of the nucleotide sequences of POMC genes
A and В is the determination of the boundaries of the POMC gene. The finding that the
upstream regions of Xenopus POMC gene A (489 bp) and В (473 bp) were more than
90% identical (chapters 2 and 4) indicates that the upstream boundary of the promoter
region is not present on the isolated genomic clones. Since in total approximately thirty
Xenopus genomic clones containing the POMC gene have been isolated of which none
contained more upstream sequences than the reported promoter regions, the 5'-end region
of the POMC promoter might constitute a hypersensitive site that breaks during isolation
of genomic DNA. Alternatively, the 5'-end region of the POMC promoter might be
preferentially cut during partial restriction enzyme digestion of genomic DNA when
preparing the genomic library. At present it is therefore not possible to delineate the
upstream border of the gene and thus additional transcriptionally important regions might
be missing from our isolated clones. The S'-end border probably coincides with the S'-end
of the third exon since the comparison of the nucleotide sequences of the POMC genes
revealed no similarity in the 3'-flanking sequences of the genes (chapter 4).
The second part of this thesis describes an analysis of the involvement of the identified
conserved and putative cij-acting sequences in the regulation of POMC gene transcription
in Xenopus. For this we utilized a homologous assay system, i.e. injection of DNA
constructs containing the Xenopus POMC gene or gene fragments into Xenopus oocytes
and eggs. In order to be able to properly interpret the expression of the injected POMC
gene constructs in Xenopus embryos, we determined the reliability of the injection system,
the fate of the linear DNA injected into eggs and the feasibility to generate transgenic
toads (chapter 5). Although usually reproducible amounts of DNA could be injected with
this system, the amounts of exogenous DNA present in the injected embryos varied, which
was probably predominantly caused by differences in the extent of replication and
degradation of injected DNA. Mosaic distribution as well as the low level of integration
might be due to the fast ligation of the injected linear molecules to concatemers and
formation of minichromosomes (chapter 5). The injected DNA was generally found to
occur as extrachromosomal concatemers and as such it was degraded. After initial DNA
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replication during the first 24 hours following injection, the injected DNA was virtually
undetectable four weeks after injection. Based on these data it was concluded that the
regulation of POMC gene transcription can only be successfully investigated within the
first two weeks after fertilization (chapters 5 and 6). In oocytes transcription of the
injected POMC gene occurred at a low level and it was initiated at multiple sites within
both the gene and the vector sequence which might be due to the lack of specific POMC
gene regulatory factors in the oocyte (chapter 6). To discriminate between expression of
the injected DNA construct and of the endogenous POMC gene, the POMC promoter was
coupled to lacZ or CAT reporter genes (chapter 6). Even when in the injected DNA
construct all previously identified putative ш-acting sequences (chapter 4) were included,
no expression was found in the pituitary. Since the upstream boundary of the promoter
region could not be defined, a lack of DNA regulatory elements upstream of the used
promoter regions could explain why no /3-galactosidase or CAT enzyme expression was
detected. However, this explanation seems unlikely because the size of the Xenopus
POMC promoters used in the above-mentioned constructs (489 bp of POMC gene A or
473 bp of POMC gene B) corresponds to approximately 440 bp of the rat POMC
promoter (chapter 2) and in mice transgenic for a rat POMC promoter fusion construct,
480 bp of the rat promoter were sufficient to direct selective expression of the fusion gene
in corticotrope and melanotrope pituitary cells (Hammer et al., 1990). The most likely
explanation for the observed absence of expression of the introduced constructs in the
Xenopus pituitary is the absence of the injected DNA in the pituitary caused by the mosaic
distribution and degradation of the injected DNA (chapter 5) and the relatively late
appearance of the pituitary during Xenopus development. The mosaic distribution of
injected DNA presumably hampered also the study on the function of POMC and related
proteins in Xenopus development (chapter 7).
FUTURE DIRFXTIONS
The use of Xenopus embryos to study the regulation of gene transcription in an 'in
vivo' situation by means of injection of the gene of interest offers advantages over the
mammalian system: multiple Xenopus eggs can be obtained, the eggs can be fertilized in
vitro with high efficiency, eggs and nuclei are large which facilitates injection and which
allows injection of large amounts of genes (chapter 5), the eggs and embryos are relatively
easy to handle and their development is well documented and occurs outside a foster
mother. However, to be able to study in the future Xenopus POMC gene regulation and
the influence of hormones on Xenopus development with this technique it is necessary to
prevent a mosaic distribution of injected DNA. This might be best achieved by increasing
the rate of integration of the injected DNA into the genome with the use of transposons,
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comparable to the P-elements in Drosophila (for review see Engels, 1989) or retroviral
vectors, which have been employed to create transgenic mice (Temin, 1989). A study on
the regulation of Xenopus POMC gene transcription in transgenic frogs, i.e. in a
homologous system, would occur under conditions that closely reflect the in vivo situation.
Furthermore, the expression of the injected POMC gene can be manipulated in vivo by
placing the transgenic animal on a white or dark background. DNA introduced into mouse
oocytes or embryos is usually not integrated in all cells of the animal, i.e. the integrated
DNA is still distributed in a mosaic fashion. Since it is necessary to have the introduced
gene integrated in cells of the tissue of interest, the progeny of these animals is mostly
used for experiments, because when some cells of these animals contain exogenous DNA,
all cells do. When integration of the Xenopus POMC gene can be accomplished in
Xenopus embryos the DNA will, in line with mice, probably still be distributed in a
mosaic pattern. When the number of cells having the POMC gene integrated would still
appear to be too low to obtain sufficient toads with the introduced construct in the
pituitary, it might be considered to perform studies in transgenic offspring.
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SUMMARY
Internal messengers, such as neurotransmitters and hormones, are important for the
adaptation of an animal to environmental signals (chapter 1) External sbmub are
percepted by sense organs and interpreted by the central nervous system, and they might
eventually lead to a stimulation of hormone release from an endocrine gland. The
hormone reaches its target organ which leads, via an appropriate physiological response,
to a proper adaptation of the animal to the change in the environmental conditions The
main endocrine gland is the pituitary, which consists of cells producing many different
hormones The release of these hormones and the expression of the corresponding genes
are regulated by a multitude of factors from neural and peripheral origin A number of
these hormones are denved from the prohormone proopiomelanocortin (POMC) POMC
is predominantly expressed in the pituitary gland where it is tissue-specifically processed.
In the antenor lobe POMC is cleaved to, among other peptides, adrenocorticotropic
hormone (ACTH) and /3-lipotropic hormone (/3-LPH), while in the intermediate lobe
α-melanocyte-stimulating hormone (a MSH) and |8-endorphin are among the major end
products of processing

In the South-Afncan clawed toad Xenopus laevis the POMC-

denved hormone a-MSH regulates adaptation to its background

Visual information

(background colour) is integrated and processed in the central nervous system and
ultimately reaches, via the hypothalamus, the neurointermediate lobe of the pituitary,
where it can stimulate or inhibit a-MSH release Secretion of a-MSH induces dispersion
of dermal melanophores resulting in a dark coloured toad, while inhibition of release leads
to a pale toad An elevated level of a-MSH release coincides with a higher rate of POMC
gene transcription This feature makes the regulation of POMC gene transcription in the
intermediate lobe of Xenopus an excellent model system for studies on the regulation of
transcription of hormone genes, because the expression of exogenous POMC gene
constructs introduced into Xenopus embryos can be physiologically

manipulated

Furthermore, this animal contams two POMC genes (A and B) which are coordinately
expressed Since it is generally accepted that evolutionary constraints lead to conservation
of functionally important regions, comparison of the nucleotide sequences of POMC genes
A and В of Xenopus laevis can result in the identification of conserved regions that play
a role in the transcriptional regulation of the POMC gene
The study described in this thesis is focused on the transcriptional regulation of the
Xenopus POMC gene. The first part deals with an analysis of Xenopus POMC genes A
and В m order to identify putative transcriptional regulatory elements. The entire
nucleobde sequence and characterization of Xenopus POMC gene В and its 5'- and
3'-flanking sequences is described m chapter 2 Companson of the promoter region and
first exon of Xenopus POMC gene В with those of human, rat, mouse and bovine POMC
genes revealed 18 conserved DNA regions which may have a function m the regulation
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of POMC gene transcription. Besides the promoter and the protein-coding sequences, no
other segments with significant identity between the Xenopus and human POMC genes
were found. Database analysis of introns and 3'-flanking sequences of POMC gene В
further resulted in the identification of repeats, such as a region containing 76 times the
tetranucleotide TATC, a JH12 repetitive element, an Ec<?RI-monomer-2 (REM-2) element
and a novel repetitive element which we named the POR (POMC repetitive) element. The
deduced 330-bp consensus sequence for the POR repetitive element is flanked by a nearly
perfect inverted repeat of 16 bp, indicating that this element may be a transposon-like
element. Comparison of the nucleotide sequence of the JH12 element of POMC gene В
with JH12 sequences from other Xenopus genes revealed a 335-bp consensus sequence
flanked by a 30-bp inverted repeat.
As described in chapter 3, restriction mapping and nucleotide sequence analyses
revealed that intron A of Xenopus POMC gene A (4367 bp) is remarkably larger than that
of gene В (2435 bp). Database analyses of intron A of both genes showed that this
difference is largely due to the presence of three Vi-transposon-like elements in intron A
of POMC gene A which are absent from gene В because they make up 1172 bp of the
1932-bp difference in length. In addition, intron В of POMC gene A contained a fourth
Vi element. From the alignment of the four Vi elements of POMC gene A and other Vi
elements found in the nucleotide sequence databases, a 463-bp consensus sequence for
Vi-transposon like elements could be deduced, that shows characteristics of transposablc
elements (a 16-bp inverted terminal repeat and a flanking 3-bp direct repeat). Since the
amounts of mRNA produced by both POMC genes in the intermediate lobe of the
pituitary of a black-background-adapted Xenopus are similar, the presence of
Vi-transposon-like elements in POMC gene A apparently has no effect on POMC gene
expression at transcriptional or post-transcriptional levels.
The entire nucleotide sequence and structural analysis of Xenopus POMC gene A as
well as a comparison of this gene with Xenopus POMC gene В is reported in chapter 4.
POMC gene A exhibits essentially the same structural organization as other POMC genes,
namely two introns separating three exons, the third of which encodes all bioactive
POMC-derived peptides. The structural analysis revealed several internal repeats, such
as contiguous stretches of 35 AT and 22 TTTC, a region with 60 times the tetranucleotide
TAGA, another AT-rich region, and a cluster of four repeats just upstream of the third
exon of POMC gene A. Furthermore, four Vi-transposon-like elements (see chapter 3)
and two JH12 repetitive elements were found. The comparison with Xenopus POMC gene
В uncovered, besides the exons, three large, conserved and thus potential regulatory
regions of the Xenopus POMC gene. First, the promoter region of gene A is more than
90% identical to that of gene В and it contains, based on the same criteria as for POMC
gene B, all but one of the 17 conserved and putative transcriptional regulatory sequences
that had been identified by comparing of the promoter of POMC gene В with mammalian
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POMC gene promoters (see chapter 2). The second region concerns JH12 repetitive
elements situated at approximately the same position in both genes and which are more
than 86% identical The third region concerns 500-bp sequences just upstream of the third
exon of both genes, which are about 63% identical Besides these large elements, several
small regions with significant identity were identified at similar positions m the genes. The
fact that, except for the JH12 element, the repetitive elements are not conserved between
the two POMC genes indicates that these repeats are not functionally important
The second part of this thesis concerns studies on the introduction and expression of
the Xenopus POMC gene in Xenopus oocytes and eggs (chapters 5 and 6) and a study on
the function of POMC and of functionally related proteins in Xenopus development
(chapter 7) The design of the used injection apparatus, the reliability of the injection
system, the fate of the injected DNA in Xenopus eggs and the feasibility to generate
transgeme toads is desenbed in chapter S Dot blot and Southern blot analyses revealed
that the amount of injected DNA was generally similar, but that the amount of exogenous
DNA present in the embryos was variable, which was predominantly due to vanauons
between batches of embryos Fragments containing POMC gene В injected into in vitro
fertilized Xenopus eggs hgated, independent of the compatibility of the ends before
ligation, to concatemers consisting of predominantly head-to-tail ligations Ligation started
within two minutes after injection and 24 hours after injection virtually all molecules were
hgated to each other Dot blot and Southern blot analyses on the persistence of the
injected DNA revealed that, in spite of an initial increase in the amount of DNA during
the first 24 hours after injection, the exogenous DNA was gradually degraded in the
embryo until it was virtually undetectable at four weeks after injection Furthermore,
Southern blot analysis of genomic DNA isolated from different tissues of a toad injected
with DNA showed a mosaic distribution of the exogenous DNA over the embryo These
findings led to the conclusion that the generation of transgenic toads with this system is
impossible and that a study on the regulation of POMC gene transcnption by means of
injection of DNA into Xenopus eggs can only be successful within about two weeks after
injection
The study on the expression of the Xenopus POMC gene in Xenopus oocytes and eggs
is reported in chapter 6 Dot blot and pnmer extension analyses of RNA extracted from
Xenopus oocytes injected with circular DNA containing the POMC gene revealed that the
transcription of the injected POMC gene occurred at a low level and that it was initiated
at multiple sites within both the gene and the vector sequence. Furthermore, splicing
probably did not occur properly. These results might well be due to the absence of
specific POMC gene regulatory factors m the oocyte. A POMC promoter-lacZ fusion gene
(pPOMC-lacZ) injected as a linear DNA fragment into in vitro fertilized Xenopus eggs
revealed in less than 10% of the cells of two-day-old embryos a non-specific and transient
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/3-galactosidase expression which was distnbuted in a mosaic pattern No expression was
found in the pituitary of embryos injected with pPOMC-lacZ, a POMC promoter-CAT
fusion gene or a POMC-lacZ construct that contained all the putative transcriptional
regulatory sequences of the POMC gene as described in chapters 2 and 4. Our failure to
detect any expression of the above-mentioned constructs in the Xenopus pituitary is
probably caused by the mosaic distribution and degradation of the injected DNA, and the
relatively late appearance of the pituitary during Xenopus development. A remarkable
finding was that, for unclear reasons, between days 3-7 after fertilization the skin of half
of more than 200 embryos injected with a DNA fragment containing the POMC gene and
its promoter was paler than that of control animals or that of embryos injected with a
POMC construct without the promoter region.
Chapter 7 deals with a preliminary study on the role of POMC and functionally related
proteins in the development of Xenopus laevis. The related proteins concern the D2
dopamine receptor, the neuroendocrine polypeptide 7B2 and the prohormone
proenkcphahn A2 For this analysis we used the expression vector pEFBEG 1 containing
the Xenopus elongation factor-la promoter which directs high expression in every
cell-type from the mid blastula-transition onwards DNA sequences encoding the
above mentioned proteins were cloned into this vector and the constructs were injected
into in vitro fertilized Xenopus eggs Analysis of more than 200 embryos per construct
revealed in all cases no effect on development at the macroscopic and microscopic levels
A mosaic distribution of the injected DNA might explain why no effects of the proteins
encoded by the injected DNAs were noted Of the embryos injected with the construct
coding for the rat D2 dopamine receptor, 75 percent was, for unknown reasons, darker
than the control animals, while the skin of the others did not differ from the controls This
effect was found to be transient since the difference in colour was only seen dunng days
3-7 after injection
In chapter 8 the results of the previous chapters have been discussed and some
suggestions have been made that ultimately may lead to the possibility to study POMC
gene regulation in transgenic Xenopus toads.
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Interne boodschappers, zoals neurotransmitlors en hormonen, zijn belangrijk voor de
aanpassing van een dier aan signalen uit zijn omgeving (hoofdstuk 1) Externe signalen
worden ontvangen door zintuigen, geïnterpreteerd m het centrale zenuwstelsel, en kunnen
uiteindelijk leiden tot een stimulatie van hormoonafgifte door een endocnene klier Het
hormoon bereikt zijn doelorgaan dat, via een passende fysiologische respons, leidt tot een
juiste aanpassing van het dier aan een verandering in de omgevingscondities De
belangrijkste endocnene klier is de hypofyse, waarvan de cellen vele verschillende
hormonen produceren De afgifte van deze hormonen en de expressie van de
corresponderende genen worden gereguleerd door vele factoren van neurale of perifere
oorsprong Sommige hypofysehormonen zijn afkomstig van het prohormoon
proopiomelanocortine (POMC) POMC komt voornamelijk tot expressie in de hypofyse
en wordt aldaar weefselspeciñek gekliefd In de hypofysevoorkwab wordt POMC gekliefd
tot onder andere adrenocorticotroop hormoon (ACTH) en j3-lipotroop hormoon 03-LPH),
terwijl in de hypofysetussenkwab a-melanoforen-stimulerend hormoon (a-MSH) en
/3-endorfme de belangrijkste eindproducten van de klieving zijn Het hormoon a-MSH
heeft in de Zuid-Afnkaanse klauwpad Xenopus laevis een belangrijke fysiologische
funche, want het regelt de adaptatie van het dier aan zijn ondergrond Visuele informatie
(lichtintensiteit van de ondergrond) wordt geïntegreerd en verwerkt in het centrale
zenuwstelsel en bereikt uiteindelijk, via de hypothalamus, de tussenkwab van de hypofyse,
waar het de afgifte van a-MSH kan stimuleren of remmen Secretie van a-MSH induceert
dispersie van huidmelanoforen wat resulteert in een donkere pad, terwijl remming van de
afgifte van a-MSH leidt tot een bleek dier Een toename in de afgifte van a-MSH gaat
samen met een hogere mate van POMC gentranscnptie Dit gegeven maakt de regulatie
van POMC gentranscnptie in de tussenkwab van Xenopus een uitstekend modelsysteem
voor studies naar de regulatie van transcnptie van hormoongenen in het algemeen, omdat
de expressie van exogene POMC genconstructen, ingebracht in Xenopus embryos, op een
fysiologische manier gemanipuleerd kunnen worden Bovendien heeft Xenopus twee
POMC genen (A en B), die gecoördineerd tot expressie komen Aangezien het algemeen
geaccepteerd is dat evolutionaire druk leidt tot conservering van functioneel belangnjke
gebieden, kan een vergelijking van de nucleobdevolgorde van de Xenopus POMC genen
A en В resulteren in identificatie van geconserveerde regio's, die een rol spelen in de
transcnpbonele regulatie van het POMC gen
De studie die beschreven is in dit proefschrift is gencht op de regulatie van de
transcnptie van het Xenopus POMC gen Het eerste gedeelte behandelt de analysen van
de Xenopus POMC genen A en В teneinde elementen te identificeren die mogelijk de
transcnptie van het POMC gen regelen De volledige nucleotide sequentie en de
karaktensatie van Xenopus POMC gen В en de 5'- en 3'-flankerende gebieden zijn
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beschreven in hoofdstuk 2. Vergelijking van de promoter regio en eerste exon van het
Xenopus POMC gen В met die van de mens, rat, muis en rund POMC genen bracht 18
geconserveerde DNA gebieden aan het licht, die eenftincUekunnen hebben in de regulatie
van POMC gentranscnptie In de vergelijking van het Xenopus POMC gen В met het
humane POMC gen werd, buiten de promoter en de eiwit-coderende sequenties, geen
ander geconserveerd gebied gevonden Vergelijking van de intron- en 3'-flankerende
sequenties van het POMC gen met sequenties in DNA databanken resulteerde in de
identificatie van repetitive elementen, zoals een regio die 76 keer het tetranucleotide
TATC bevat, een JH12 repetitief element, een fcoRI-monomeer-2 (REM-2) element en
een nieuw repeüUef element dat POR fPOMC repetitief) element genoemd is De
afgeleidde 330-bp consensus sequentie voor het POR repetitieve element is geflankeerd
door een geïnverteerd, bijna-volledig-repetitief stuk DNA van 16 bp, wat aangeeft dat dit
element een transposonachug element is Vergelijking van de nucleotide sequentie van het
JH12 element van gen В met JH12 sequenties van andere Xenopus genen leidde tot een
335-bp consensus sequentie, geflankeerd door een 30-bp geïnverteerd, repeübef stuk
DNA
Zoals beschreven in hoofdstuk 3 bleek uit restrictie enzym- en nucleotide sequentie
analysen dat intron A van Xenopus POMC gen A (4367 bp) beduidend groter is dan intron
A van gen В (2435 bp) Uit vergelijking van de intron A sequenties van beide genen met
sequenties in DNA databanken bleek dat dit verschil voornamelijk toegeschreven moet
worden aan de aanwezigheid van dne Vi-transposon-achtige elementen in intron A van
POMC gen A Ze zijn afwezig in intron A van POMC gen В en maken 1172 bp van het
1932 bp verschil in lengte uit Intron В van POMC gen A bleek nog een vierde Vi
element te bevatten Uit de vergelijking van de vier Vi elementen van POMC gen A met
Vi elementen in de DNA databanken kon een 463-bp consensus sequenUe voor Vi
elementen gededuceerd worden, die karakteristieken van transponeerbare elementen
vertoont (een 16 bpflankerendgeïnverteerd-repetitief stuk DNA dat aan de buitenzijden
wordt geflankeerd door een repetitie van 3 bp) Aangezien de twee POMC genen in de
hypofysetussenkwab van een zwart geadapteerde pad nagenoeg gelijke hoeveelheden
mRNA produseren, heeft de aanwezigheid van Vi elementen in POMC gen A blijkbaar
geen effect op de POMC genexpressie op transcnptioneel of post-transcnpboneel mveau
De volledige nucleotide sequentie en structurele analyse van Xenopus POMC gen A
en de vergelijking van dit gen met Xenopus POMC gen В is beschreven m hoofdstuk 4
POMC gen A heeft dezelfde structurele organisatie als de andere POMC genen, namelijk
twee intronen die dne exonen scheiden en een derde exon dat codeert voor alle bioacbeve,
POMC afgeleide peptiden. De structurele analyse bracht meerdere mtem-repeubeve
elementen aan het licht, zoals aaneengesloten stukken van 35 AT's, 22 TTTC's, een regio
met 60 keer het tetranucleotide TAGA, een andere AT-njke regio en een cluster van vier
repetitieve DNA sequenties juist 5' van het derde exon van POMC gen A gelegen Verder
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werden vier Vi-transposon-achhge elementen (zie hoofdstuk 3) en twee JH12 repetitieve
elementen gevonden In de vergelijking met Xenopus POMC gen В werden, naast de
exonen, dne grote, geconserveerde en dus potentieel regulatoire regio's van het Xenopus
POMC gen geïdentificeerd. De promoter regio van gen A is meer dan 90% identiek aan
die van gen В en bevat, gebaseerd op dezelfde entena als voor POMC gen B, 16 van de
17 geconserveerde en mogelijk transcnptioneel regulatoire sequenties die geïdentificeerd
zijn door de POMC gen В promoter te vergelijken met het promoter gebied van zoogdier
POMC genen (zie hoofdstuk 2). De tweede regio betreft JH12 repetitieve elementen die
gelegen zijn op bijna dezelfde posities in beide genen en meer dan 86% identiek zijn. De
derde geconserveerde regio betreft 500 bp sequenties die net 5' van het derde exon van
beide genen zijn gelegen. Ze zijn circa 63% identiek. Naast deze grote elementen werden
verschillende kleinere geconserveerde gebieden gevonden die op overeenkomstige plaatsen
in de genen voorkomen Het feit dat, behalve het JH12 element, de repetitieve elementen
van de twee POMC genen met geconserveerd zijn suggereert dat deze elementen
functioneel onbelangnjk zijn.
Het tweede gedeelte van dit proefschnft behandelt studies naar de introductie en
expressie van het Xenopus POMC gen in Xenopus oocyten en eieren (hoofdstukken 5 en
6) en een studie naar de functie van POMC en functioneel afgeleide eiwitten in de
ontwikkeling van Xenopus (hoofdstuk 7) Het ontwerpen van het gebruikte injectie
apparaat, de betrouwbaarheid van het injectiesysteem, het lot van het geïnjecteerde DNA
m Xenopus eieren en de haalbaarheid van het genereren van transgene padden is
beschreven m hoofdstuk 5. 'Dot blot' en 'Southern blot' analysen toonden aan dat, hoewel
de hoeveelheid geïnjecteerd DNA reproduceerbaar was, de hoeveelheid exogeen DNA in
de embryos vanabel was. Deze vanabiliteit werd voornamelijk veroorzaakt door
verschillen tussen de embryos. POMC gen В bevattende fragmenten, geïnjecteerd in in
vitro bevruchte Xenopus eieren, hgeerden, onafhankelijk van de compatibiliteit van de
einden voor de ligatie, tot concatemeren die voornamelijk bestonden uit kop-staart
ligaües. De ligaüe begon binnen twee minuten na injectie en zette zich op een zodanige
manier voort dat 24 uur na injectie vnjwel alle moleculen aan elkaar gehgeerd waren.
'Dot blot' en 'Southern blot' analysen toonden verder aan dat, ondanks een lichte toename
in de hoeveelheid DNA gedurende de eerste 24 uur na injectie, het exogeen DNA m het
embryo geleidelijk werd afgebroken totdat het, na vier weken, vnjwel met meer
detecteerbaar was. Daarnaast bleek uit 'Southern blot' analyse van genomisch DNA,
geïsoleerd uit verschillende weefsels van een met DNA geïnjecteerde pad, dat het exogeen
DNA op mozaïek-achtige wijze verdeeld was over het embryo. Al deze gegevens leidden
tot de conclusie dat het genereren van transgene padden met dit systeem onmogelijk is en
dat een studie naar de regulatie van POMC gentranscnptie door middel van injectie van
DNA m Xenopus eieren alleen succesvol uitgevoerd kan worden binnen twee weken na
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injecbe.
De studie naar de expressie van het Xenopus POMC gen in Xenopus oöcyten en eieren
is beschreven in hoofdstuk 6. 'Dot blot' en 'pnmer extension' analysen van RNA, dat
geëxtraheerd was uit Xenopus oöcyten die geïnjecteerd waren met circulair DNA dat het
POMC gen bevatte, toonden aan dat het geïnjecteerde POMC gen op een laag m veau
getranscribeerd werd en dat de transcriptie op vele plekken in het gen en de vector
initieerde. Verder lijkt het erop dat 'splicing' met op de juiste manier plaatsvond. Deze
resultaten kunnen veroorzaakt zijn door afwezigheid van specifieke factoren voor de
POMC-genregulabe in de oöcyt Een POMC promoter-lacZ fusiegen (pPOMC-lacZ) dat
als een Lneair DNA fragment geïnjecteerd was in m vitro bevruchte Xenopus eieren, gaf
in minder dan 10% van de cellen van een twee dagen oud embryo een non-specifieke en
transiente /3-galactosidase expressie, gedistribueerd in een mozaiek-achtig patroon.
Embryos die geïnjecteerd waren met pPOMC-lacZ, met een POMC promoter-CAT fusiegen of met een POMC-lacZ construct dat al de potentieel transcnptioneel regulatoire
sequenties van het POMC gen bevatte (zie hoofdstukken 2 en 4) gaven nooit expressie van
deze constructen in de hypofyse te zien Het onvermogen om in de Xenopus hypofysen
enige expressie van deze constructen te detecteren werd waarschijnlijk veroorzaakt door
de mosaiek-achtige verdeling en de degradatie van het geïnjecteerde DNA en het relatief
laat verschijnen van de hypofyse tijdens Xenopus' ontwikkeling Een opvallende resultaat
was dat tussen 3 en 7 dagen na bevruchting, door onbekende oorzaak, de huid van meer
dan de helft van 200 embryos, die geïnjecteerd waren met een DNA fragment dat het
POMC gen en de promoter bevatte, bleker was dan dat van controledieren en van
embryos die geïnjecteerd waren met een POMC construct zonder promoter regio.
Hoofdstuk 7 behandelt een experiment naar de rol van POMC en functioneel
gerelateerde eiwitten in de ontwikkeling van Xenopus laevis. Deze eiwitten zijn de DT
dopamine receptor, het neuro-endocnene polypeptide 7B2 en het prohormoon
proenkefaline A2. Voor deze analyse werd gebruik gemaakt van de expressievector
pEFBEG.l Deze vector bevat de Xenopus elongatie factor-la promoter, die hoge
expressie geeft in elk celtype na het midblastula stadium. DNA sequenties die coderen
voor de boven vermelde eiwitten werden gedoneerd in deze vector en de constructen
werden vervolgens geïnjecteerd in in vitro bevruchte Xenopus eieren. Analyse op
macroscopisch en microscopisch niveau van meer dan 200 embryos per construct gaf nooit
een effect op ontwikkeling te zien. Een mozaiek-achtige verdeling van het geïnjecteerde
DNA kan verklaren waarom geen effect van de eiwitten, die gecodeerd werden door de
geïnjecteerde DNA constructen, gevonden werd. Van de embryos die geïnjecteerd waren
met het construct coderend voor de D2 dopamine receptor van de rat, bleek 75% om
onbekende redenen donkerder te zijn dan de controle dieren, terwijl de anderen met
verschilden van de controles Dit verschijnsel bleek tijdelijk te zijn want het kleurverschil
werd alleen waargenomen tussen 3 en 7 dagen na injectie.
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In hoofdstuk 8 worden de resultaten van de voorgaande hoofdstukken bediscussieerd
en worden enkele suggesties gegeven die uiteindelijk kunnen leiden tot de mogelijkheid
om POMC genregulatie te bestuderen in transgene Xenopus padden.
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