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GENERAL INTRODUCTION 

Background adaptation: a neuroendocrine reflex 
Most amphibians possess the ability to alter the colour of their skin by altering the 

distribution of pigment in pigment-containing cells (chromatophores) of their integument. The 
dermal melanophores are most directly involved in the rapid changes of pigment distribution 
associated with background adaptation. The melanophores contain the black pigment, melanin, 
within special granules, the melanosomes. In fully white-background-adapted animals, these 
granules are aggregated around the nuclei of the cells, while in animals adapted to a black 
background the melanosomes are dispersed throughout the cytoplasm and, consequently, the 
skin shows a dark coloration (Bagnara & Hadley, 1973). 

In the South African clawed toad, Xenopus laevis, the physiological process of 
background adaptation is an example of a neuroendocrine reflex. Perception of the environ
mental signal (colour of background) involves a differential stimulation of the retina. Neural 
information originating from the eyes is centrally processed and ultimately reaches the pars 
intermedia of the pituitary gland (Dawson & Ralph, 1971). Here, endocrine cells, 
melanotropes, release aMSH (a-melanophore-stimulating hormone) which stimulates pigment 
dispersion in chromatophores. The hypothalamus plays a significant role in the coupling of 
the central neuronal output to the melanotropes. Early experiments (Etkin, 1962) showed that 
the hypothalamus exerts primarily an inhibitory influence and much work has been devoted 
to the identification of hypothalamic aMSH release-inhibiting factors. It turned out that the 
regulation of secretion from the amphibian pars intermedia cells is very complex. Catecholam
ines like dopamine, adrenaline and noradrenaline but also 7-aminobutyric acid (G ABA) inhibit 
the release of aMSH acting directly upon the melanotrope cell of X. laevis (Verbürg et al., 
1986 a-d, 1987 a; Jenks et al., 1988). Neuropeptide Y (NPY), on the other hand, inhibits 
secretion of aMSH by an indirect mechanism mediated by folliculo-stellate cells which make 
intimate contact with the melanotrope cells (de Koning et al., 1991; de Rijk et al., 1991). 
Stimulation of aMSH release is exerted by the neuropeptides thyrotropin releasing hormone 
(TRH) and corticotropin releasing hormone (CRH) (Verburg et al., 1987 a, с, e). 

Proopiomelanocortin 
aMSH is synthesized from a prohormone, proopiomelanocortin (POMC) (Eiper & 

Mains, 1980; Martens et al., 1982 a). The POMC gene is expressed in both the intermediate 
and anterior lobe of the pituitary gland and also in a variety of other tissues (Lundblad & 
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Roberts, 1988; Smith & Funder, 1988). The amino acid sequence of POMC has been deduced 
from the cDNA sequence for several species including bovine, human, rat, mouse and X. 
laevis (Nakanishi et al., 1979; Chang et al., 1980; Drouin & Goodman, 1980; Uhler & 
Herbert, 1983; Martens et al., 1985). The structure reveals pairs of basic amino acid residues 
representing putative cleavage signals for prohormone processing (Douglass et al., 1984). The 
primary structure of POMC appears to be generally well conserved among vertebrate species. 
POMC is differentially processed in the anterior and intermediate lobe of the pituitary. In the 
anterior lobe, the processing pathway for the prohormone terminates with the production of 
ACTH, j3-lipotropin and some /3-endorphin as major products, while in the intermediate lobe, 
the major end products are aMSH, corticotropin-like intermediate lobe peptide, and /3-
endorphin (Smith & Funder, 1988). 

The pars intermedia of Xenopus laevis: a model system for studying regulation of 
neuropeptide gene expression 

Neuropeptides occur in various tissues, particularly in the brain. The heterogeneous 
nature of the central nervous system, however, makes this tissue impractical for many of the 
in vitro techniques required to study regulation of neuropeptide genes at the cellular and 
molecular levels. The pars intermedia of the pituitary gland is a very suitable tissue to study 
the functioning of neuroendocrine cells, because it consists of an almost homogeneous 
population of POMC-producing cells, the melanotropes. A major drawback of the mammalian 
pars intermedia is that its function is not well understood, and thus physiological 
manipulations to activate or inactivate these melanotropes are difficult. The melanotrope cells 
of the amphibian pars intermedia, however, have a well-defined neuroendocrine function, 
namely the production and secretion of aMSH during adaptation of the animal to a dark 
background. 

The protein biosynthetic activity in the melanotrope cells of the intermediate pituitary 
gland of X. laevis is high when the animal is on a black background and low when the animal 
is on a white background (Jenks et al., 1977; Martens et al., 1983). Northern blot analysis 
has shown that in fully black-background-adapted animals the level of POMC mRNA in the 
intermediate lobe is at least 15 times higher than in fully white-background-adapted animals 
(Martens et al., 1987). Hence, the observed difference at the level of translation (POMC 
protein production) is accompanied by a difference in the level of POMC mRNA. 
Ultrastructural studies have revealed that the melanotropes of a fully white-adapted animal 
are extremely rich in secretory granules, but the synthetic apparatus of these cells is poorly 
developed. Such features are typical for inactive storage cells. In black-adapted animals, 
melanotropes are characterized by a low amount of secretory granules, a well-developed 
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endoplasmic reticulum and an elaborate Golgi complex, indications of biosynthetically active 
cells (de Rijk et al., 1990). The biosynthetic and secretory activities of the melanotropes can 
thus be manipulated simply by changing the colour of the background of the animal. 

The well-defined physiological function of the melanotrope cell in Xenopus laevis 
allows the utilization of this cell to study the regulation of POMC gene expression. Proper 
functioning of a peptide-secreting cell requires, in addition to production of precursor proteins 
for secretory products, expression of genes associated with the secretory function. Such genes 
include those for precursor-processing enzymes and for structural and regulatory proteins 
involved in the translocation, sorting, packaging and exocytosis of secretory products. 

In order to study genes associated with POMC gene expression, a differential 
hybridization technique has been used. This technique involved the screening of a pituitary 
cDNA library with probes derived from RNA of inactive (white-background-adapted) and 
physiologically activated (black-background-adapted) intermediate pituitary cells of X. laevis. 
One of the differentially hybridizing clones encoded the pituitary polypeptide 7B2 (Martens 
et al., 1989). This 19-24 kDa protein of unknown function was originally isolated from 
porcine pituitary glands (Hsi et al., 1982), and it is widely distributed within the central 
nervous system as well as in endocrine tissues and tumours Iguchi et al., 1984, 1985, 1987 
a, b; Suzuki et al., 1985, 1986, 1987, 1988; Marcinkiewicz et al., 1985, 1986, 1987, 1988; 
Steel et al., 1988; Falgueyret et al., 1987; Ayoubi et al., 1991). In this thesis the 
characterization of 7B2 gene expression in X. laevis is reported. 

Aims and outline of the thesis 
1) The first aim of this thesis was to elucidate the regulatory mechanism responsible 

for the regulation of POMC gene activity in melanotropes of Xenopus laevis. The expression 
of a protein encoding gene is a highly complex process that involves four categories of events: 
a) transcriptional steps which include conformation changes in chromatin structure resulting 
in association of transcription factors with cognate DNA sequences leading to the initiation 
of transcription by the action of RNA polymerase II; b) processing of the nascent hnRNA 
and transport of the mature mRNA from the nucleus into the cytoplasm where mRNA 
degradation takes place; c) translational steps, including the association of cytoplasmic mRNA 
with ribosomes to form a translational active complex as well as the processes leading to 
polypeptide initiation, elongation and termination; d) processing of the final gene product, 
followed by release of the mature polypeptides or their storage or degradation. Examples from 
the literature clearly indicate that all of the above steps are possible candidates to determine 
overall gene activity (Malbon et al., 1990). 
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As a first attempt to identify the regulatory events involved in the physiological 
activation of the POMC gene during black background adaptation, one can compare the 
changes in the rate of synthesis of POMC with changes in the amount of POMC mRNA. It 
turns out that the increase in POMC biosynthesis in melanotropes of white-adapted X. laevis 
transferred to a black background (Jenks et al., 1977; Martens et al., 1983) parallel the 
increase in POMC mRNA levels (Martens et al., 1987). This means that the expression of 
the POMC gene was altered while the translational efficiency remained the same, indicating 
a pretranslational regulatory mechanism. This mechanism may be: an increase in initiation 
of transcription, an increase in RNA polymerase II activity, or an increase in mRNA stability. 

In Chapter 1 the involvement of alterations in POMC gene transcription as well as 
alterations in cytoplasmic POMC mRNA stability on POMC gene expression was investigated. 
Furthermore, a method for the analysis of newly synthesized POMC mRNA was developed 
in order to address the question whether changes in transcription rate of the POMC gene 
contribute in the regulation of POMC gene expression. In order to study the involvement of 
changes in POMC mRNA stability in the regulation of POMC gene expression during 
background adaptation, a kinetic analysis of mRNA turnover was performed. 

2) The second aim of the research described in this thesis was to study the regulation 
of 7B2 and POMC gene expression in the pituitary ofXenopus laevis in relation to the process 
of background adaptation. In general, two main regulatory mechanisms are operational in 
peptide hormone-producing cells: regulation of gene expression and regulation of peptide 
release. Control of gene expression is an important step in the long-term control of hormone 
production, while release can immediately fulfil the physiological demand of the animal for 
the hormone. Several approaches have been followed for the characterization of the expression 
of the 7B2 and the POMC gene in X. laevis. 

In Chapter 2 the isolation, characterization and expression of a cDNA clone encoding 
the 7B2 protein is described. The activity of the 7B2 gene was compared with that of the 
POMC gene in relation to background adaptation. Levels of 7B2 and POMC mRNA reflect 
the state of expression of these genes and determine the rate of biosynthesis of 7B2 and 
POMC gene products. To quantify 7B2 and POMC mRNA levels during background 
adaptation, Northern blot analyses and dot blot analyses were performed. 

In Chapter 3 it was investigated whether the melanotropes represent the cellular sites 
where 7B2 is synthesized in coordination with POMC and where it is stored in coordination 
with aMSH. In general, there is a good correlation between the expression of proteins and 
the mRNAs coding for them. However, in tissues that are actively secreting or storing 
peptides, a discrepancy can be expected between the mRNA levels and peptide levels in 
different physiological states. Immunocytochemical techniques were used for the cellular 
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localization of 7B2 and POMC-derived peptides. With these techniques, however, it is not 
possible to differentiate between sites of final peptide location and sites of precursor synthesis, 
nor are they suitable for monitoring changes in peptide biosynthesis, because it is difficult 
to differentiate between changes in synthesis and changes in secretion. An extension of the 
immunocytochemical analysis was the use of in situ hybridization. In this way a clear picture 
was obtained of the cellular dynamics of 7B2 and POMC gene expression. 

Chapter 4 deals with the processing of 7B2. The primary structure of 7B2 of X. laevis 
contains three pairs of basic amino acid residues (Martens et al., 1989). In prohormones like 
POMC such pairs of basic amino acids often function as cleavage sites for proteolytic enzymes 
during precursor protein processing (Douglass et al., 1984). To investigate whether 7B2 is 
a precursor protein that is processed to smaller peptides, pulse and pulse-chase incubations 
of neurointermediate lobes were conducted in combination with immunoprecipitation analyses. 
The site of precursor processing was investigated using peptide mapping techniques. 

In Chapter 5 the effects of several factors known to regulate the secretion of POMC-
derived peptides from melanotrope cells were analyzed for their effect on the secretion of 
7B2-derived peptides. For this purpose, neurointermediate lobes were pulse-labelled with 
tntiated amino acids and the level of newly synthesized 7B2 secretion during chase incubations 
was determined by immunoprecipitation analysis. 

In Chapter 6, finally, it was investigated whether 7B2 and POMC mRNA levels are 
controlled in a coordinated fashion. Therefore, several factors regulating the secretion of 
POMC-derived peptides were studied in order to determine their effects on 7B2 and POMC 
mRNA levels in the pituitary gland. 
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CHAPTER 1 

Transcriptional and Posttranscriptional Regulation of the 
Proopiomelanocortin Gene in the Pars Intermedia of the 

Pituitary Gland of Xenopus laevis 

T. A. Y. Ayoubi, B. G. Jenks, E. W. Roubos and G. J. M. Martens 
(submitted for publication) 
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SUMMARY 

In the intermediate lobe of the pituitary gland of the amphibian Xenopus laevis the 
expression of the proopiomelanocortin (POMC) gene is under physiological control; it has 
previously been shown that POMC gene expression in melanotrope cells is 20- to 30-fold 
higher in animals adapted to a black background compared to that in animals adapted to a 
white background. In order to investigate whether changes in POMC mRNA stability 
contribute to this difference in POMC gene expression between the two physiological states, 
a time-course analysis of the induction and de-induction of POMC gene expression was 
performed. Using a steady-state kinetic model for mRNA degradation, the half-life of POMC 
mRNA in Xenopus melanotrope cells was determined during the process of background 
adaptation. During induction of the POMC gene the half-life of POMC mRNA was 3- to 4-
fold longer than during de-induction of the gene. The difference in the stability of POMC 
mRNA is not sufficient to account for the 20- to 30-fold difference in the steady-state levels 
of POMC mRNA between the two physiological conditions. Thus, also transcriptional 
activation of the POMC gene must occur. Administration of the protein synthesis inhibitor 
cycloheximide 2 h prior to transfer of white-adapted animals to a black background had no 
effect on POMC mRNA levels up to 16 h after administration of the drug, whereas the 
administration of the mRNA synthesis inhibitor 5,6-dichloro-l-0-D-ribofuranosylbenzidimi-
dazole (DRB) blocked the degradation of POMC mRNA observed after the transfer of black-
adapted animals to a white background. These data suggest that for the induction of POMC 
gene expression no de novo protein synthesis is required and that the de-induction of POMC 
gene expression requires transcriptional activation of an mRNA degradation system. Relative 
rates of POMC mRNA synthesis were measured by pulse-labelling of neurointermediate lobes 
for 90 min with pHJuridine. Lobes of white-adapted animals showed an 8-fold higher rate 
of [3H]uridine incorporation into POMC mRNA than those of black-adapted animals, 
suggesting a fast in vitro induction of POMC gene transcription. After cultunng lobes of 
white-adapted animals for 24 h in the presence of the dopamine D2-receptor agonist 
apomorphine, the relative rate of POMC mRNA biosynthesis decreased about 5-fold. This 
confirms that regulation of POMC gene expression includes a transcriptional component. 

In conclusion, our results demonstrate that during the physiological process of 
background adaptation the regulation of POMC gene expression in melanotrope cells of 
Xenopus laevis is exerted by alterations in POMC gene transcription as well as in POMC 
mRNA stability. 
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INTRODUCTION 

Proopiomelanocortin (POMC) is the precursor for a number of biologically active 
peptides, including adrenocorticotropin (АСГН), a-melanophore-sümulating hormone (aMSH) 
and /3-endorphin (Eiper & Mains, 1980). The POMC gene is expressed in the pituitary gland, 
in several brain regions and in a number of peripheral tissues (Lundblad & Roberts, 1988). 
In the amphibian Xenopus laevis, aMSH released from the melanotrope cells of the 
intermediate lobe of the pituitary induces pigment dispersion in dermal melanophores during 
adaptation to a black background. Consequently, in the intermediate lobe of black-adapted 
animals the POMC gene is highly expressed and the level of POMC mRNA is 20- to 30-times 
higher than in the intermediate lobe of white-adapted animals (Martens et al., 1987). 

We are interested in the molecular mechanisms responsible for the difference in POMC 
gene expression between the two physiological states of adaptation. The amount of mRNA 
present in a cell represents a balance between the transcriptional activity of the gene and 
intracellular degradation processes. Accordingly, the decrease in the level of POMC mRNA 
that occurs after transfer of X. laevis from a black to a white background may be due to a 
decrease in POMC gene transcription, to an increased degradation of POMC mRNA or to 
a combination of both processes. Very little is known about the contribution of the process 
of POMC mRNA degradation on the level of POMC mRNA (Lundblad & Roberts, 1988). 
Therefore, we have examined whether in addition to a transcriptional component, changes 
in POMC mRNA stability are involved in the regulation of POMC gene expression in 
melanotropes of X. laevis. To address this question, a detailed time-course analysis of the 
induction and de-induction of the POMC gene in response to the physiological process of 
background adaptation was performed. To determine the stability of POMC mRNA during 
the transfer process, we transferred black-adapted X. laevis to a white background or vice 
versa and analyzed the rate of decrease or increase, respectively, in POMC mRNA levels. 
Assuming classical turnover kinetics, the steady-state kinetic model for mRNA degradation 
(Rodgers et al., 1985; Hardgrove & Schmidt, 1989) was used to estimate the half-life of 
POMC mRNA during induction/de-induction of POMC gene expression. This approach is 
justified since the time course required to reach a new steady-state level after a perturbation 
is a function of the degradation constant of the macromolecule. The effects of the protein 
synthesis inhibitor cycloheximide (Jacobsson et al., 1987) and the mRNA synthesis inhibitor 
5,6-dichloro-l-/3-D-ribofuranosylbenzidimidazole(DRB)(Zandomenietal., 1983) on the level 
of POMC mRNA during the transfer process were also determined. In addition, the 
transcriptional activity of the POMC gene was determined by measuring with an RNA 
protection assay the relative levels of radiolabelled newly synthesized POMC mRNA during 
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short in vitro pulse incubations with pHJuridine. On the basis of the results of this study a 

model is proposed for the regulation of the POMC gene in the melanotrope cells of X. laevis 

in relation to the physiological process of background adaptation. 

MATERIALS AND METHODS 

Animals 

Xenopus laevis were bred and reared in the aquarium facility of the Department of 

Animal Physiology of the University of Nijmegen. Animals were adapted to a black or white 

background by keeping them in black or white buckets, respectively, under constant 

illumination for 3 weeks at 220C. For the transfer experiments, animals adapted to a black 

background were transferred to a white background (de-induction) or vice versa (induction). 

At various periods after transfer the neurointermediate lobes of the pituitary were dissected 

and total RNA was isolated. 

Isolation of total RNA and detection of POMC mRNA 

Total RNA was extracted from individual neurointermediate lobes by the acid 

guanidinium thiocyanate-phenol-chloroform procedure (Chomczynski & Sacchi, 1987). For 

Northern blot analysis, RNA was size fractionated by electrophoresis on a 1% agarose-2.2 

M formaldehyde gel and transferred to nitrocellulose filters using 20 χ SSC (1 χ SSC is 0.15 

M NaCl, 0.015 M sodium citrate, pH 7). Filters were prehybridized at 420C for 1 h and 

hybridized with [32P]-labelled random-primed (Maniatis et al., 1989) cDNA at the same 

temperature, for 16 h, in hybridization buffer containing 50% formamide, 6 χ SSC, 5% 

blocking reagent (Boehringer Mannheim), 1% SDS and 1% sarcosyl. After hybridization 

filters were washed twice at 550C in 2 χ SSC, 0.1 % SDS, 5 mM EDTA for 30 min and twice 

at 550C in 0.4 χ SSC, 0.1 % SDS, 5 mM EDTA for 30 min. Xenopus POMC cDNA clone 

pXP20 (Martens, 1986) was used for the detection of POMC mRNA. Levels of POMC 

mRNA were quantified by densitometric scanning of the autoradiograms. 

Kinetic analysis of POMC mRNA turnover 

To investigate whether there was a difference in turnover rate of POMC mRNA during 

POMC gene induction or de-induction, the data on changes of POMC mRNA levels following 

induction/de-induction were analyzed according to the steady-state kinetic model for RNA 

turnover (Rodgers et al., 1985; Hargrove & Schmidt, 1989). This model assumes that the 

amount of functional message at any time (Q) is determined by a zero-order rate of synthesis 
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(к,) and a first-order rate of degradation (kj, such that: 

dC/d, = k, - k, · С, (1) 

As pointed out by others (Rodgers et al., 1985; Hargrove & Schmidt, 1989) integration and 

rearrangement of this equation leads to the linear relationship: 

In (C, - С J / (C0 - C.) = -K ' t (2) 

where C0 and C„ are the amounts of mRNA at the original and new steady-states, 

respectively. A plot of In (C, - С.) / (C0 - C») versus time, using the data of mRNA levels 

during induction and de-induction, yields linear regression curves with slopes equal to -Ц,. 

The first-order turnover constant kj is the sole determinant of the amount of time required 

to progress from the basal level to the new steady-state plateau level. Using the relationship 

Tl/2 = ln2/kj, the half-life can be calculated. This half-life is equivalent to the time required 

to progress from the end of the lag to the midpoint between the basal and plateau levels and 

this is independent of the rate of synthesis (Rodgers et al., 1985; Hargrove & Schmidt, 1989). 

In vivo treatment with DRB and cycloheximide 

DRB: 16 h and 24 h after transfer to a white background, animals were injected 

intraperitoneally with 1010 moles DRB/g body weight in 20 μΐ DMSO or with 20 μ\ DMSO 

(control group). Eight hours after the last injection the animals were decapitated and the level 

of POMC mRNA in the neurointermediate lobe was determined as described above. 

Cycloheximide: 2 h previous to and 8 h after transfer to a black background, animals were 

injected intraperitoneally with 3.6 χ IO7 moles cycloheximide/g body weight in 100 μί saline. 

Saline-injected animals served as controls. Eight hours after the last injection the level of 

POMC mRNA was determined as described above. 

Analysis of newly synthesized POMC mRNA 

Analysis of newly synthesized mRNA was performed as described previously (Ayoubi 

et al., 1991 b). In brief, neurointermediate lobes were incubated in the presence of 1 mCi/ml 

[3H]uridine (46 Ci/mmol, Amersham Corp.) for 90 min at 220C in Xenopus culture medium 

(Ayoubi et al., 1990) except that dialysed fetal calf serum was used instead of normal fetal 

calf serum. Following the labeling, neurointermediate lobes were washed and homogenized 

in 20 μ\ hybridization buffer (4 M guanidinium thiocyanate; 0.5% sarcosyl; 0.1 M 2-

mercaptoethanol; 25 mM sodium citrate; pH 7.0). After adding 1 μg of sense or anti-sense 
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probe, the homogenate was heated to 650C for 10 mm and hybridized for 16 h at 350C After 

hybridization, 0 7 ml 0 5 M NaCl, 20 μg RNAse A and 20 U RNAse Tl were added and 

the homogenate was incubated for 30 mm at STt Homogenates were phenol/chloroform 

extracted, 0 1 volume sodium acetate (pH 6 0) and 10 pg earner tRNA were added and the 

hybrids were precipitated with one volume of isopropanol for 2 h at -20PC The protected 

hybrids were analyzed on a 1% agarose gel, gel slices were boiled for 15 mm in 1 ml H20 

and the amount of radioactivity was determined by liquid scintillation counting To produce 

anti-sense and sense single stranded probes, a 1 kb Pstl-Bgl II fragment oîXenopus POMC 
cDNA clone pXP20 (Martens, 1986) was subcloned into M13mpl0 and МІЗтрП, 

respectively To investigate whether the dopamine D2 receptor agonist apomorphine had an 

effect on POMC mRNA biosynthesis, lobes of white-adapted animals were pre incubated for 

24 h in the presence of 106 M apomorphine and, subsequently, pulse-labelled in the presence 

of Ifr6 M apomorphine as desenbed above 

Statistics 
Statistical analyses were performed using Students t-test Differences were considered 

to be significant when Ρ < 0 05 To determine whether lines had different slopes a test for 

parallelism was performed using the Pharmacologic Calculation System (version 4 1, 1991) 

RESULTS 

The half-life of POMC mRNA is altered during background adaptation 

The increase in the level of POMC mRNA in the neurointermediate lobe after transfer 

of white-adapted animals to a black background (induction) and the decline in the level of 

POMC mRNA after transfer of black adapted animals to a white background (de-induction) 

was determined by Northern blot analysis The linear relationship obtained with the integrated 

form of the rate equation confirms that induction and de-induction of POMC gene expression 

can be approximated by the model equation for first order turnover (Fig 1) The values 

calculated for the half-life of POMC mRNA during induction and de-induction (second phase 

of the plot) differ significantly (P < 0 01) and were 66 (78-56) and 18 (22-14) h, 

respectively (The values in parentheses represent the range of the half-life values predicted 

for one standard deviation from the mean ) The biphasic nature of de-induction indicates a 

lag period before the accelerated breakdown of POMC mRNA The value for the half-life 

based on the first phase of the de-induction slope is 68 h and this value is similar to that 

obtained from the induction slope 
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Figure 1 Kinetic analysis of the physiological changes in POMC mRNA levels in the 
neurointermediate lobe of Xenopus laevis POMC mRNA levels were determined by Northern blot 
analysis at various times after transfer of black-adapted animals to a white background ( · · ) or 
white-adapted animals to a black background (О O) Integration of the data resulted in linear plots 
where the slope is the degradation constant C, represents the level of POMC mRNA at time t, C0 and 
C„ represent the initial and final levels of mRNA, respectively 

POMC mRNA induction does not require de novo protein synthesis 

In order to determine whether for the induction of the POMC gene de novo protein 

synthesis is needed, white-adapted animals were injected with cycloheximide 2 h pnor to 

transfer to a black background. The level of POMC mRNA was significantly increased after 

white-adapted animals had been transferred to a black background (540 ± 3 1 % of the level 

in white-adapted animals just pnor to transfer, Ρ < 0.001) No effect of cycloheximide was 

observed 16 h after the transfer as compared to saline-injected animals (Fig. 2) In vitro, 9 

χ 10B M cycloheximide inhibited protein synthesis in neurointermediate lobes by more than 

80 % as determined by [3H]lysme incorporation into trichloroacetic acid-precipitated protein 

(data not shown). 

POMC mRNA de-induction requires transcriptional activation of a destabilization system 

The de-induction of the POMC gene after transfer of black-adapted animals to a white 

background showed a lag penod before the accelerated breakdown of POMC mRNA occurred. 

An explanation for this fact could be that during this lag penod the synthesis of degradation 

enzymes takes place. In order to investigate this possibility, black-adapted animals transferred 

to a white background were treated with DRB. In controls, this transfer resulted after 32 h 



14 Chapter 1 

о 
à? 

800 

2 
ш 600 

О 
S 
о 
о. 

400 

200 

О 16 16 
-CHX «CHX 

time (h) 

Figure 2. Effect of cycloheximide on induction of the POMC gene in the neurointermediate lobe of 
X. laevis. White-adapted animals were injected 2 h prior to transfer to a black background with 
cycloheximide. Eight hours after the transfer injection was repeated and after an additional 8 h the 
level of POMC mRNA was determined by Northern blot analysis. Data are means ± SEM (η = 8). 
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Figure 3. Effect of DRB on de-induction of the POMC gene in the neurointermediate lobe of X laevis. 
Black-adapted animals were transferred to a white background and after 16 h they were injected with 
DRB. Injection was repeated after 8 h and after an additional 8 h the level of POMC mRNA was 
determined by Northern blot analysis. Data are means ± SEM (η = 8). 
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in a significant decrease in the level of POMC mRNA (41 + 5 % of the level in black-

adapted animals just prior to transfer; Ρ < 0.001) (Fig. 3). DRB completely blocked this 

decrease in the level of POMC mRNA normally observed when black-adapted animals were 

transferred to a white background (97 ± 17 % of the level in black-adapted animals just prior 

to transfer) (Fig. 3). 

POMC mRNA induction involves transcriptional activation of the POMC gene 

The level of newly synthesized POMC mRNA in neurointermediate lobes of white-

adapted animals was about 8-fold higher than that of black-adapted animals (840 ± 144 % 

of the level in lobes from black-adapted animals; Ρ < 0.001) (Fig. 4). Treatment of lobes 

from white-adapted animals for 24 h with apomorphine resulted in a significant decrease of 

newly synthesized POMC mRNA (18 ± 7 % of control; Ρ < 0.001) (Fig. 5). 
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Figure 4. Relative rate of POMC mRNA synthesis in neurointermediate lobes of X. laevis. Lobes from 
black- or white-adapted animals were isolated and after pulse-labelling for 90 min with ['Hjuridine 
the level of ['HJ-labelled POMC mRNA was determined with an RNA protection assay. Data are 
means + SEM of 4 groups of 3 pooled lobes in each case. 
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Figure 5. Effect of apomorphine on POMC mRNA biosynthesis in neurointermediate lobes of X. 
laevis. Lobes from white-adapted animals were incubated for 24 h with ΙΟ"6 M apomorphine. 
Following this incubation the lobes were pulse-labelled for 90 min with ['HJuridine and the level of 
['HJ-labelled POMC mRNA was determined with an RNA protection assay. Data are means ± SEM 
of 4 groups of 3 pooled lobes in each case. 

DISCUSSION 

The examination of mRNA turnover often involves the use of drugs that block 

transcription. However, the application of drugs usually results in a non-physiological 

perturbation of cell functioning. Examples, wherein a particular mRNA decays slower in the 

presence of a transcription-blocking drug than in its absence are numerous (Atwater et al., 

1990). It is not clear whether this effect is the result of the rapid decay of a labile mRNA 

(e.g. encoding for an mRNA degrading enzyme), or has an other cause. In our experiments 

the use of an mRNA synthesis inhibitor resulted in the stabilization of POMC mRNA. 



Chapter 1 17 

Therefore we applied an analysis based on the kinetic model for mRNA turnover, which 

revealed that there is a 3- to 4-fold decrease in mRNA stability when X. laevis is transferred 

from a black- to a white background. In the steady-state situation, equation (1) becomes: C„ 

= kj/k,,. This means that in neurointermediate lobes of black-adapted animals having a 20-

to 30-fold higher POMC mRNA level and a 3- to 4-fold longer POMC mRNA half-life, the 

transcription of the POMC gene is 5- to 10-fold higher than in lobes of white-adapted animals. 

Transcriptional activation of genes is normally studied using run-on assays (Marzluff, 

1978). Due to the low amount (about 6.5 χ IO4) of melanotrope cells present in the 

neurointermediate lobe ofXenopus laevis (de Rijk et al., 1990) we could not use this approach 

to investigate transcriptional activity of the POMC gene in this tissue. For this reason, we 

determined the relative rate of POMC mRNA biosynthesis during short pulse incubations with 

[3H]uridine. In such experiments the level of [3H]-labelled POMC mRNA is the result of 

transcriptional gene activity only, because considering the long half-life of POMC mRNA, 

degradation processes are not involved. The finding that neurointermediate lobes of white-

adapted animals have in vitro an 8-fold higher rate of POMC mRNA biosynthesis than those 

of black-adapted ones can be explained as follows. POMC gene expression in Xenopus 

neurointermediate lobes of white-adapted animals is under inhibitory regulation by several 

hypothalamic factors including dopamine, GABA and NPY (Loh et al., 1985; Verburg et al., 

1986 a-d, 1987 b, d). Therefore, removal of these hypothalamic inputs in the white-adapted 

situation by in vitro incubation, results in an induction of POMC gene expression which is 

similar to that observed after transfer to a black background in the in vivo situation 

(unpublished results). The in vitro transcriptional activation of the POMC gene probably leads 

to the higher rate of POMC mRNA biosynthesis of cultured neurointermediate lobes from 

white-adapted animals. Most likely, this activation is transient and will attenuate when in 

black-adapted animals the amount of POMC mRNA reaches such a high level that sufficient 

POMC can be produced. A transient transcriptional activation is a commonly observed 

mechanism for the regulation of gene expression (Eberwine et al., 1987; Lundblad & Roberts, 

1988; Farin et al., 1990). In the steady-state situation the level of POMC gene transcription 

in black-adapted animals will indeed be 5- to 10-fold higher than in white-adapted ones. 

Unfortunately, it is not possible to study the steady-state situation of white-adapted animals 

in vitro, due to the almost instantaneous induction of POMC gene expression in cultured 

neurointermediate lobes from such animals. However, it was possible to mimic the white-

adapted situation by incubating lobes from white-adapted animals with apomorphine. The 

finding that apomorphine was able to inhibit the biosynthesis of POMC mRNA confirms the 

idea that the regulation of POMC gene expression in Xenopus melanotropes involves changes 

in the half-life of POMC mRNA as well as in the level of gene transcription. 
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The presence of different half-lives for Xenopus POMC mRNA during the 
physiological process of background adaptation implies that a regulatory mechanism exists 
for selective degradation of POMC mRNA. DRB inhibited the degradation of POMC mRNA. 
This suggests that either the degradation system is short-lived or that inhibition of mRNA 
synthesis by DRB impedes the transcriptional activation of genes encoding specific proteins 
(such as endonucleases) responsible for the accelerated degradation of POMC mRNA during 
de-induction. These possibilities are not mutually exclusive but the lag period preceding the 
de-induction is most consistent with a mechanism involving an indirect effect on mRNA 
stability through transcriptional activation of a degradation system. 

The data of the cycloheximide experiment indicate that the POMC gene can be induced 
without de novo protein synthesis. These results should be interpreted with caution, since the 
effects of cycloheximide are complex. On the basis of our results it may be proposed that 
transfer from a white to a black background leads to the posttranslational modification of a 
protein which, in turn, activates POMC gene transcription. In this respect it is interesting to 
note that even high concentrations of a-amanitine (50-100 /xg/ml), a frequently used inhibitor 
of RNA polymerase II (Sawadogo & Sentenac, 1990), is not able to inhibit POMC mRNA 
synthesis in melanotropes of X. laevis by more than 50 percent nor is it able to inhibit the 
in vitro induction of POMC mRNA levels in cultured Xenopus neurointermediate lobes of 
white-adapted animals (unpublished results). DRB, on the other hand, completely inhibits the 
in vitro induction of POMC mRNA levels in Xenopus neurointermediate lobes of white-
adapted animals (unpublished results) and it inhibits POMC mRNA synthesis by more than 
90 % (Ayoubi et al., 1991 b). It has been suggested that the inhibitory effect of DRB is at 
the level of phosphorylation of a component of the transcription machinery, possibly RNA 
polymerase II (Sawadogo & Sentenac, 1990), although DRB does not inhibit the activity of 
purified RNA polymerase II itself (Chodosh et al., 1989; Sawadogo & Sentenac, 1990). On 
the other hand, several protein kinases have been found to be inhibited by DRB (Zandomeni 
et al., 1986; Stevens & Maupin, 1989; Meggio et al., 1990). It seems likely that at least part 
of the transcriptional inhibition by DRB could be due to its inhibitory effect on 
phosphorylation at the C-terminal repetitive sequence of the large subunit of RNA polymerase 
II (Stevens & Maupin, 1989; Meggio et al., 1990; Sawadogo & Sentenac, 1990). Based on 
differential inhibition by antibodies in vitro, it was proposed that the unphosphorylated form 
of RNA polymerase II may be required for initiation whereas elongation would be catalyzed 
after phosphorylation of the C-terminal domain (Sawadogo & Sentenac, 1990). It will be 
interesting to investigate whether during the physiological induction/de-induction of POMC 
gene expression changes occur in the phosphorylation pattern of RNA polymerase II. 

The data presented in this work provide a more detailed picture of the dynamic 
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regulation of the expression of the POMC gene during the physiological process of 
background adaptation. When X. laevis is for a long period in a white environment, there is 
no need for hormone (aMSH) and, accordingly, POMC gene expression is at a low level. 
When the animal gets into a dark environment, the demand for hormone will be immediate 
and activation of gene transcription will occur directly without the need for de novo protein 
synthesis. If the animal stays long enough in the dark environment, stabilization of mRNA 
will keep the level POMC mRNA high while transcriptional gene activity may attenuate. This 
is an efficient way to maintain high POMC mRNA levels. (In melanotropes from fully black-
adapted animals, more than 50 % of poly(A)+ RNA is POMC mRNA; G.J.M.M., 
unpublished data.) If animals change again from a black to a white environment there will 
be no demand for hormone synthesis any more and RNA degrading enzymes will be 
synthesized, resulting after 16-20 h in an accelerated decrease in the POMC mRNA level. 

In conclusion, the present data show the complexity of the regulation of POMC gene 
expression in melanotrope cells ofXenopus laevis during background adaptation. Regulation 
involves a coordinated response at several levels including the regulation of synthesis and 
degradation of mRNA. 





21 

CHAPTER 2 

The Novel Pituitary Polypeptide 7B2 is a Highly-
Conserved Protein Coexpressed with 

Proopiomelanocortin 

G. J. M. Martens, M. J. G. Bussemakers, T. A. Y. Ayoubi and B. G. JenL· 
Eur. J. Biochem. 181, 75-79 (1989) 
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SUMMARY 

In the amphibian intermediate pituitary gland the biosynthetic activity for production 
of the precursor protein proopiomelanocortin (POMC) can be physiologically manipulated; 
POMC synthesis is high in animals adapted to a black background and low in white-adapted 
animals. In order to study genes associated with POMC gene expression we applied a 
differential hybridization technique involving screening of a pituitary cDNA library with 
probes derived from RNA of inactive and physiologically activated intermediate pituitary cells 
of the amphibian Xenopus laevis. A differentially hybridizing Xenopus pituitary cDNA clone 
encoded the novel polypeptide 7B2. This Mr-21,000 secretory granule-associated protein of 
unknown function is shown to be highly conserved between Xenopus and man (83 % amino 
acid sequence similarity). Conserved segments within the 7B2 structure included the N-
terminal portion, three pairs of basic amino acids which are potential recognition sites for 
proteolytic enzymes, and three regions sharing similarity with putative GTP-binding domains. 
Levels of 7B2 mRNA were about 3% of POMC mRNA levels in Xenopus pituitary glands. 
In the intermediate pituitary the amount of both POMC and 7B2 mRNA was much higher 
in black-adapted toads than in white-adapted animals. These physiologically-induced changes 
in POMC and 7B2 mRNA levels were not found in the anterior pituitary. We conclude that 
the POMC and 7B2 genes are coexpressed and that modulation of the activity of these genes 
is tissue-specific. 



Chapter 2 23 

INTRODUCTION 

Proper functioning of a peptide-secreting cell requires, in addition to production of 

precursor proteins for secretory products, expression of genes associated with the secretory 

function. Such genes include those for precursor-processing enzymes, and for structural and 

regulatory proteins involved in the translocation, sorting, packaging and release of secretory 

products. Our research concerns the functioning of the melanotrope cell of the intermediate 

pituitary gland of the amphibian Xenopus laevis. This secretory cell synthesizes 

proopiomelanocortin (POMC), a prohormone which is processed to melanotropin (Loh & 

Gainer, 1977; Martens et al., 1982 b). In amphibians placed on a black background the 

secretory activity of this cell is high and the melanotropin released induces pigment dispersion 

in dermal melanophores, thus causing darkening of the animal (Jenks et al., 1977). The 

POMC gene is transcriptionally very active in melanotropes of black-adapted animals but 

inactive in melanotropes of white animals (Martens et al., 1987). A consideration of this well-

defined physiological functioning of the melanotrope cell allows us to utilize this cell to study 

genes associated with POMC gene expression. This research was conducted by applying a 

differential colony filter-hybridization technique involving screening of a Xenopus pituitary 

cDNA library using single-stranded cDNA probes synthesized from RNA of biosynthetically 

active (induced) and inactive (noninduced) melanotrope cells {i.e. from black and white 

animals, respectively). Here we report the isolation, characterization and expression of one 

of the differentially hybridizing Xenopus pituitary cDNA clones. This clone encodes the novel 

Polypeptide 7B2, an Mr-21,000 secretory granule-associated protein of unknown function, 

present selectively in neurons and endocrine cells (Iguchi et al., 1984, 1987 a; Marcinkiewikz 

et al., 1987). 

MATERIALS AND METHODS 

Differential screening of Xenopus pituitary cDNA library 

A Xenopus pituitary cDNA library was constructed from 2 μg pituitary poly(A)-

containing RNA of fully black-adapted toads by inserting size-fractionated and tailed cDNA 

into tailed pBR322 (Martens et al., 1985). For the differential screening of this library, single-

stranded cDNA probes were produced by oligo(dT) priming of 2.5 /ig RNA and reverse 

transcription in the presence of [a-32P]dATP. RNA was prepared from intermediate pituitary 

glands of fully black-adapted and fully white-adapted Xenopus with the guanidinium 

isothiocyanate/lithium chloride procedure (Cathala et al., 1983) and hot phenol extraction; 

for full background adaptation toads were kept in black or white buckets for at least two 
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weeks. Under stringent hybridization conditions, duplicate filters containing 20,000 colonies 

of the Xenopus cDNA library were screened with a single-stranded cDNA probe prepared 

from intermediate pituitary RNA of white-adapted animals. After stripping the filters, the 

library was rescreened with the probe synthesized from intermediate pituitary RNA of black 

animals. In each case filters were exposed to X-ray film for 3 days at -700C with two 

intensifying screens. To identify cDNA clones related to POMC mRNA, Xenopus POMC 

cDNA clone pXP20, a nearly full-length clone corresponding to POMC mRNA-B (Martens 

et al., 1986) and an M13 subclone covering the З'-untranslated region of POMC mRNA-A, 

were used as hybridization probes in a third screening of the pituitary cDNA library. Most 

of the differentially hybridizing cDNA clones appeared to be POMC cDNA clones. The 

nucleotide sequence of one of the differentially hybridizing clones which did not correspond 

to POMC mRNA, clone pX9, was determined; pX9 was found to code for a protein termed 

7B2 (see Results and Discussion). Since clone pX9 did not contain a poly(A) tail, the Xenopus 

pituitary cDNA library was rescreened with pX9 as hybridization probe. Clone pX9.11 was 

isolated and its nucleotide sequence was identical to the overlapping part of the structure of 

pX9, except that pX9 contained a poly(A) tail of 46 nucleotides starting at the nucleotide 

which corresponds to the 3' end of clone pX9. In order to compare the Xenopus and human 

7B2 structures, the Xenopus 7B2 cDNA clone pX9 was subsequently used as hybridization 

probe in the screening of a human pituitary cDNA library in the vector XgtlO as described 

previously (Martens, 1988 b). 

DNA sequence analysis 

DNA sequence analysis was performed by the dideoxy chain-termination method 

(Sanger et al., 1977) using M13 mplO and mpll subclones as templates. The sequence 

presented was determined from both strands. 

Computer sequence analysis 

Nucleotide and amino acid sequence similarity searches were performed with the 

computer sequence analysis system of the University of Nijmegen which uses the algorithms 

of Wilbur and Lipman (Wilbur & Lipman, 1983). 

Northern and dot blot analysis 

For Northern blot analysis, total RNA from Xenopus intermediate and anterior pituitary 

glands, brain and skin was prepared with the guanidinium isothiocyanate/lithium chloride 

procedure (Cathala et al., 1983) and hot phenol extraction. Poly(A)-containing RNA was 

purified by two cycles of chromatography on an oligo(dT)-cellulose column (Bethesda 
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Research Laboratories). RNA was run on a vertical 1.3% agarose-2.2 M formaldehyde gel. 

RNA was transferred to nitrocellulose (Thomas, 1980) and the filter was hybridized with a 

nick-translated insert of Xenopus 7B2 cDNA clone pX9 (specific activity 5 χ IO* cpm//xg) in 

standard hybridization solution with 50% formamide at 420C. 

Dot blot analysis was performed according to White and Bancroft (1982), except that 

vanadyl ribonucleoside complex was added to the lysis buffer in order to inhibit RNase 

activity. Xenopus intermediate and anterior pituitary glands were dissected and the tissues 

were lysed in 50 μΐ ice-cold 10 mM Tris (pH 7.0), 1 mM EDTA, 0.5% NP-40 and 40 mM 

vanadyl ribonucleoside complex. Nuclei were pelleted by centrifugation at 12000 χ g for 2 

min at 40C and to the supernatant 30 μΐ 20 χ SSC (1 χ SSC is 150 mM NaCl, 15 mM sodium 

citrate at pH 7.0) and 20 μΐ 37% formaldehyde were added. In each case half of the sample 

was RNase-treated. After incubation at 600C for 15 min, the samples were subjected to dot 

blot analysis using a 96-hole Minifold (Bio-Rad) and POMC cDNA clone pXP20 (Martens, 

1986) or 7B2 cDNA clone pX9 as probes under hybridization conditions as above. Levels 

of POMC and 7B2 mRNA were quantified by densitometric scanning of the autoradiograms. 

RESULTS AND DISCUSSION 

Screening approximately 20,000 colonies of the Xenopus pituitary cDNA library with 

single-stranded probes produced from RNA of melanotrope cells of black and white animals 

resulted in the identification of 130 differentially hybridizing cDNA clones. Of these, 120 

(92%) were found to be related to POMC mRNA and thus 0.6% (120/20,000) of the clones 

screened correspond to POMC. This result agrees with the relative amount of POMC cDNA 

clones in the Xenopus pituitary cDNA library (0.5-1%), established previously by library 

screening with a synthetic oligonucleotide covering part of the aMSH sequence (Martens et 

al., 1985). One of the differentially hybridizing cDNA clones not related to POMC mRNA, 

clone pX9, was used in Northern blot analysis. It was found that the pX9 gene is expressed 

in the intermediate and anterior lobe of the pituitary gland, in brain but not in skin, which 

gives an expression pattern similar to that of the POMC gene (Martens et al., 1985, 1987). 

Therefore, clone pX9 was selected for further analysis. Based on the results of Northern blot 

analysis of Xenopus pituitary RNA and the amount of pX9-related clones in the Xenopus 

cDNA library, it was estimated that expression of the pX9 gene is 3% of that of the POMC 

gene and thus 0.015-0.03% of the Xenopus pituitary mRNA population corresponds to pX9 

mRNA. 

The nucleotide sequence of pX9, determined according to the sequencing strategy 

depicted in Fig. 1, comprises 850 nucleotides, not including the poly(A) tail (Fig. 2). This 
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Figure 1. Sequencing strategy for the differentially hybridizing Xenopus pituitary cDNA clones pX9 
and pX9.11. Clone pX9.11 is identical to the З'-portion of clone pX9, except that clone pX9.11 
contains a poly(A) tail. Nucleotides are numbered in the direction for 5' to 3' in the message strand. 
Wavy lines represent the poly(dG) poly(dC) tails of the cDNA insert. Only restriction sites used for 
DNA sequence analysis are shown and sequencing was performed with the dideoxy chain-termination 
method (Sanger et al., 1977). Arrows below the maps indicate the direction and extent of sequence 
determination. 
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Met Glu Glu Leu Gly Ile Ala Arg Pro Arg Val Glu Туг Pro Ala His Gin Ala Met Asn Leu Val Gly Pro 

5' ATG GAG GAG TTG GOT ATT GCC AGA CCC AGA GTG GAA TAT CCT GCA CAC CAG OCA ATG AAC CTT CTG GOT CCA 92 

30 40 50 

Gin Ser Ile Glu Gly Gly Ala His Glu Gly Leu Gin His Leu Gly Pro Tyr Gly Asn Ile Pro Asn Ile Val Ala Glu 

CAG AGC ATA GAA GCT GGC GCA CAT GAA GGT TTG CAG CAC TTG GGT CCT TAT GGA AAC АТС CCA AAT ATT СТА GCA GAG I 50 

60 70 

Leu Thr Gly Asp Asn Ile Pro Lys Asp Phe Arg Glu Asp Gin Gly Туг Pro Asn Pro Pro Asn Pro Cys Pro Val Gly 

CTC ACG GGC GAT AAT ATT CCC AAG GAT TTC CGA GAA GAT CAA GCA TAT CCA AAC CCA CCC AAT CCT TGT CCT CTT GGA 22Θ 

80 90 100 

Lys Thr Gly Asp Gly Cys Leu Glu Asp Thr Pro Asp Thr Ala Gin Phe Ser Arg Glu Tyr Gin Leu His Gin Asn Leu 
AAA ACT GGT GAT GGG TGC CTG GAG GAT ACC CCA GAT АСА GCT CAA TTT AGC AGA GAG TAC CAG CTC CAC CAA AAT CTT 306 

110 120 

Tyr Asp Pro Glu His Asn Туг Pro Gly Ala Ser Thr Trp Asn Lys Lys Leu Leu Tyr Glu Lys Ile Lys Gly Ala Ser 

TAT GAC CCA GAG CAC AAC TAT CCT GGA GCA TCA АСА TGG AAT AAG AAA CTG CTG TAT GAG AAA ATT AAA GGA GCA TCA 384 

130 140 150 

Gin Arg Gin Lys Arg Thr Val Asn Pro Tyr Leu Gin Gly Gin Lys Leu Asp Lys Val Val Ala Lys Lys Ser Val Pro 

CAG AGA CAG AAG CGG АСА GTG AAT CCA TAC TTC CAG GGA CAG AAA CTG GAC AAA GTG СТА GCC AAG AAG TCT GTC CCA 462 

160 

His Phe Ser Asp Glu Glu Glu " · 

CAT TTC TCT GAC GAG GAA GAG TAA GCAGAGCCMGTGATGGAGCCGCGGACGTICTGATCCAGCCCnGCATCCTATCTGCCGCTTCAGAGCCTCA 559 

CTGACTGGCACKATUrTTATTATITATAGACTTGTGAATGGGAAACAGCTGGACTTATAACATTAW^TGTCATTCATAATAAAAAATATA^ 662 

І Ч ІТАААТГАССССААТССТАЧІГІТП т С С Т С Т С Т М Т т Т П г а Х І П и ^ ^ 765 

ИGG^TAMGCCCCΊ^VlMVlXXACTAAπTCCCACICTΐXκΛCTCTGATAGAATTAGCCATATGCACAATAAAGATCTTTCCCTΓG ( Α ] η 3 ' 850 

Figure 2. Nucleotide sequence and deduced amino acid sequence of Xenopus pituitary cDNA clone 
pX9 encoding the 7B2 protein. Asterisks denote the translation termination codon. The two signals 
for polyadenylation (AATAAA) (Proudfoot & Brownlee, 1976) are overlined. The poly(A) tail was 
appended from the 7B2 cDNA clone pX9.11. 

http://PX9.11
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sequence contains a 483-bp coding region and 367 bp of З'-untranslated region with two 

polyadenylation signals (AATAAA) (Proudfoot & Brownlee, 1976). The open reading frame 

codes for a protein of 161 amino acids. A computer analysis involving a search for similarity 

both at the DNA level (EMBL nucleotide data base; release 11) and the protein level 

(NBFR/PIR protein data base; release 11) revealed that the N-terminal region of the deduced 

protein is highly similar (97% identical) to partially sequenced porcine and human pituitary 

proteins which have been named 7B2 (Hsi et al., 1982; Seidah et al., 1983). The similarity 

concerns residues 1-56 of the pX9 protein with residues 22-77 of the human 7B2 protein and 

residues 1-60 of pX9 with residues 22-81 of the porcine counterpart; the human and porcine 

7B2 proteins have not been sequenced beyond residues 77 and 81, respectively. No significant 

similarity with any other protein or DNA sequence was found. We conclude that pX9 codes 

for Xenopus 7B2 protein and that this clone probably lacks codons for the N-terminal 21 

amino acids. Extensive additional screenings of the Xenopus pituitary cDNA library in an 

attempt to isolate 5'-extended clones coding for the complete 7B2 protein were not successful 

and therefore it is likely that the library does not include full-length 7B2 cDNA clones. The 

C-terminal region of the Xenopus 7B2 protein contains three pairs of basic amino acids 

(residues 117-118; 132-133; 150-151; Fig. 2). In precursor proteins like POMC such dibasic 

residue pairs are potential cleavage sites for proteolytic enzymes during prohormone 

processing (Douglass et al., 1984). In the presented amino acid sequence of Xenopus 7B2 no 

potential asparagine-linked N-glycosylation site (Asn-Xaa-Ser/Thr) (Pless & Lennarz, 1977) 

is present. 

We recently succeeded in using the Xenopus 7B2 cDNA clone pX9 to isolate a human 

pituitary cDNA clone encoding the entire structure of human 7B2 (Martens, 1988 b). A 

comparison of the amino acid sequence of Xenopus and human 7B2 shows that the 7B2 

protein, and in particular the N-terminal region, is remarkably well conserved during 350 

million years of vertebrate evolution (Fig. 3). The overall degree of amino acid sequence 

identity between Xenopus and human 7B2 of 83 %, with most changes being conservative 

amino acid substitutions, is much higher than that between the POMC proteins of these two 

species (55%) (Martens et al., 1985). The three pairs of basic amino acids are conserved 

between Xenopus and human 7B2. There are three regions in the C-terminal region of the 

7B2 protein (indicated as А, В and С in Fig. 3) which are similar to the three putative GTP-

binding domains of known GTP-binding proteins (Martens, 1988 b). Since identification of 

evolutionary conserved protein regions provides evidence for a functional significance of these 

regions, the conserved dibasic residue pairs and putative GTP-binding domains within the 7B2 

structure may be of functional importance. Another interesting feature in comparing the 7B2 

structures of the two species concerns the conserved portions within the 3'-untranslated regions 
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Figure 3. Alignment of the amino acid sequence of Xenopus and human 7B2. The one-letter amino 
acid notation is used. Identical residues are indicated by colons. The locations of the regions similar 
to the putative GTP-binding domains of known GTP-binding proteins (indicated as A, B, and C) 
(Martens, 1988 b) are underlined. Pairs of basic amino acids, potential recognition sites for proteolytic 
cleavage enzymes (Douglass et al., 1984), are boxed. The human 7B2 sequence was recently reported 
(Martens et al., 1988 b). 

*** * 
Xenopus : 5 ' UAAG(aGACX^AAGUCaiUGGAGCCCCGGACCUUGUGAUCCAGCCCGGCAUCCUAUajGCCGCUUCA CAGCCUCACUGACUGGCAGC 
Human : S'---UAAAGAC AU CUAG С AA ACCCA AUUACCU AG CO) AU U - - - G ACG GU AAUG U С UG A A 

AUGm)UAUUAUUUAUAGACUtXaX»AUGGGAAACAGCUGGAaW--AUAACA№AUG№GUCAUUGAUAAUAAAAAAUAUAGACWCUGClJUUCUGUUAAAUl,AGGGGAAU 

С CA G U A A G АСА G U UG AG GUG AU CU CACCG UG U С .AAU G 

I I I 

ссиАистлшіл;<хшссіхдхігаллпшиииссссисиіххлллх^ссспАм -
A CU-- G U G U AAAA GUGAAUC AA UCAU AA AAUG GA UGU AUAA AAGACUAUGAAAGGC 

I ι 

•CCCUUGUUCUCCAG 

иСАСАІЛДгаЮССАСЯЛЛІААААиССЯК^СиСАОСииСиАСиАииииСОССААСиСиСиАСАААССиОиСАиииОАииииСАииАиСиАСииСАиССАС С UGGGCAUU 

UAAUUUCCCACUCUCGCACUCUGAUAGAAUUAGCCAUAUGCACAAUAAAGAUCUUUCCCUUG ( A ) n 3 ' 

U АСА G AAA A GG UACUC AG GAGG GCUGAC С A GCUGCGUCUUAAUAAACAUGAAUGCAAGCAUUGGC ( AI „ - - - 3 ' 

Figure 4. Alignment of the З'-untranslated regions of Xenopus and human 7B2 mRNA. Absence of 
a nucleotide in the human sequence indicates that the sequences of the two species are the same at that 
position. Gaps (-) have been introduced to achieve maximum similarity. The regions within the aligned 
sequences which compromise more than 20 nucleotides and which exhibit at least 70% nucleotide 
sequence identity are boxed. The signals for polyadenylation (AATAAA) (Proudfoot & Brownlee, 
1976) are over- or underlined. Asterisks indicate translation termination codons. The human 7B2 
mRNA sequence was recently reported (Martens, 1988 b). 
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of Xenopus and human 7B2 mRNAs (Fig. 4). The significance of these segments, for example 

in RNA stability, remains to be established. 

In mammalian tissues the Mr-21000 7B2 protein is primarily present in cells containing 

secretory granules, such as neurons and endocrine cells (Iguchi et al., 1984, 1987 a; 

Marcinkiewikz et al., 1987). Ultrastructural studies show this protein to be compartmentalized 

within secretory granules (Marcinkiewikz et al., 1986, 1987). We performed Northern blot 

analysis of Xenopus pituitary and brain RNA which revealed a 7B2 transcript with a size of 

about 1200 nucleotides (Fig. 5). This size is slightly smaller than that of Xenopus POMC 

mRNA (1300 nucleotides) (Martens et al., 1985). In the human pituitary a 7B2 transcript of 

1350 nucleotides is found (Martens, 1988 b). The size difference between the Xenopus and 

the human 7B2 mRNAs (about 150 nucleotides) is primarily due to differences in length of 

the З'-untranslated regions of the 7B2 transcripts of these two species (124 nucleotides). 

1 2 3 4 3 6 
I I I I I I 

I t S -

ltS. 

Figure 5. Northern blot analysis of Xenopus 7B2 mRNA. RNA sources were: lane 1, 15 ^g total RNA 
from pituitary glands of black-adapted toads; 2, 5 ßg total RNA from anterior pituitary glands of 
white-adapted animals; 3, 5 /ig total RNA from anterior pituitary glands of black animals; 4, 1 /¿g 
total RNA from intermediate pituitary glands of white animals; 5, 1 μg total RNA from intermediate 
pituitary glands of black animals; 6, 5 pg poly(A)-containing RNA from Xenopus brain. RNA was 
size-fractionated on a 1.3% agarose-2.2 M formaldehyde gel and transferred to nitrocellulose (Thomas, 
1980). The blot was hybridized with nick-translated Xenopus 7B2 DNA insert of pX9, washed and 
autoradiographed with two intensifying screens at -70PC for 20 h. The positions of 18 S and 28 S 
rRNA are indicated. Arrow indicates position of 7B2 mRNA. 
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The level of 7B2 mRNA in the intermediate lobe of the pituitary gland of black-

background-adapted Xenopus was much higher than that of white-adapted animals. Similar 

physiologically induced changes were also observed in POMC mRNA levels (Fig. 6). These 
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Figure 6. Levels of POMC and 7B2 mRNA in intermediate pituitary glands of black-adapted Xenopus 
(filled bars) and white-adapted Xenopus (open bars). POMC and 7B2 mRNA levels were determined 
by dot blot analysis; RNAse-treated samples gave no signals. Signals were quantified by densitometric 
scanning. The averages of four individual experiments are shown. 

results are in agreement with the findings of our differential hybridization analysis. In black 

and white animals no significant changes in 7B2 and POMC mRNA levels were detected in 

anterior pituitary glands (data not shown). Altogether we conclude that during background 

adaptation of Xenopus the 7B2 gene is coexpressed with the POMC gene and that modulation 

of both 7B2 and POMC gene transcription in the Xenopus pituitary gland is tissue specific. 

The wide distribution of the Mr-21,000 7B2 protein in neuronal and endocrine systems, 

its intracellular location, its high conservation during vertebrate evolution and its coexpression 

with POMC point to an important role for this protein in secretory cells. Of special interest 

is the observation that segments of the 7B2 protein structure possess striking homology with 

GTP-binding domains of GTPases. There is recent evidence that small (Mr 20,000-25,000) 

GTP-binding proteins may be involved in directing membrane traffic at different steps in the 

secretory pathway (Boume, 1988). We are currently examining whether the 7B2 protein fulfils 

such a role in POMC-producing intermediate pituitary secretory cells. 
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Coordinated Expression of 7B2 and aMSH in the 
Melanotrope Cells of Xenopus laevis 

T. A. Y. Ayoubi, H. L. P. van Duijnhoven, A. J. M. Coenen, B. G. Jenks, 
E. W. Roubos and G. J. M. Martens 
Cell Tissue Res. 264, 329-334 (1991) 
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SUMMARY 

7B2 is a highly conserved protein present in many secretory cells. Using in situ 

hybridization techniques and immunocytochemistry, parameters concerning the biosynthesis 

and storage of the 7B2 protein were studied in the pituitary gland and median eminence of 

the clawed toad Xenopus laevis, in relation to the physiological process of background 

adaptation. 7B2-like immunoreactivity was present in the median eminence, in the neural and 

anterior pituitary lobes and, particularly, in the melanotrope cells of the intermediate pituitary 

lobe. In these cells, it coexisted with immunoreactivity to proopiomelanocortin (POMC)-

derived α-melanocyte stimulating hormone (aMSH). The melanotropes of black-adapted 

animals had abundant 7B2 mRNA and POMC mRNA; melanotropes of white-adapted toads 

had only low levels of these mRNAs. The presence of 7B2 in nerve terminals and endocrine 

cells supports the idea that the protein has a general function in the cellular secretory process. 

In X. laevis, 7B2 appears to be particularly associated with POMC and aMSH and, therefore, 

may play a role in the regulation of background adaptation. 
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INTRODUCTION 

7B2 is a protein of about 25 kDa, which is present in various vertebrate neural and 

endocrine cells (Iguchi et al., 1984,1985, 1987 a, b; Marcinkiewiczetal., 1985, 1986, 1987, 

1988; van Duijnhoven et al., 1989). The function of 7B2 is not known but its apparent 

association with secretory cells indicates that it may be involved in the cellular secretory 

process. 

The cDNA structure of 7B2 was first elucidated in the clawed toad Xenopus laevis 

(Martens et al., 1989), an animal used to study the complex neuroendocrine control 

mechanism of background adaptation (e.g. Jenks et al., 1977; Jenks & van Zoest, 1990; de 

Rijk et al., 1990). In a preliminary immunocytochemical study, using a monoclonal antibody 

(MON-100), 7B2-immunoreactivity was found in the neural, intermediate and distal part of 

the pituitary gland of X. laevis (van Duijnhoven et al., 1989). This suggested that 7B2 is 

produced by the pituitary gland, a suggestion confirmed for the neurointermediate lobe of the 

pituitary by the demonstration that Xenopus 7B2 mRNA is present in lobe extracts (Martens 

et al., 1989) and that an 18-kDa processed product of 7B2 is released from this lobe (Ayoubi 

et al., 1990). In X. laevis, the neurointermediate lobe produces proopiomelanocortin (POMC). 

This precursor protein gives rise to α-melanocyte stimulating hormone (aMSH), which, in 

animals placed on a black background, induces pigment dispersion in skin melanophores, 

causing darkening of the animal (Bagnara & Hadley, 1973). Recently, a Northern blot study 

revealed that, in tissue extracts of the neurointermediate lobe of black-adapted animals, not 

only POMC mRNA but also 7B2 mRNA is abundantly present (Martens et al., 1989). 

In the neurointermediate lobe, POMC and aMSH are produced by the melanotrope 

cells of the pars intermedia, and thus the hypothesis can be put forward that the melanotropes 

represent the cellular sites where 7B2 is synthesized in coordination with POMC and where 

it is stored in coordination with aMSH, in relation to the animal's background. This 

hypothesis has been tested in the present study by assessing the presence of 7B2 mRNA and 

POMC mRNA in melanotrope cells of animals adapted to either a black or a white 

background, using the in situ hybridization technique with radioactive and non-radioactive 

(digoxigenin-labelled) cDNA probes. A possible co-storage of 7B2 and aMSH in melanotropes 

was investigated by immunocytochemistry using the anti-7B2 monoclonal MON-100 antiserum 

and a polyclonal antiserum against Xenopus aMSH (van Zoest et al., 1989). The results were 

compared with those obtained from other parts of the pituitary. 
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MATERIALS AND METHODS 

Animals 
Xenopus laevis (40-60 g), laboratory bred, were adapted to a black or white 

background for three weeks at 220C They were decapitated and their pituitanes were fixed 
in Bouin-Hollande fluid, for 3 h at 200C. 

Pre-treatment of glass slides 
For light microscopy, glass slides were pre-treated with 1% TESPA (3-aminopropyl 

tnethoxysilan, Sigma) in toluene for 30 mm at 9(f C, washed in toluene, and activated with 
4% paraformaldehyde in phosphate-buffered saline (PBS), pH 7.4, for 30 mm at 200C, 
essentially as described by Berger (1986). 

Immunocytochemistry 
Paraplast-embedded pituitanes were cut into 5 ¿im sections and stained using the 

peroxidase-antiperoxidase method according to Sternberger (1974). The peroxidase-labelled 
reaction sites were visualized by development with 0 02% (w/v) diaminobenzidine and 
enhancement of the reaction product was earned out with 0.5% (w/v) ammonium nickel 
sulphate, all in PBS, pH 7.4. Anti-aMSH serum, directed against the C-terminal region of 
aMSH (van Zoest et al., 1989) was used at a dilution of 1 "800 Mouse monoclonal antiserum 
to 7B2 (MON-100) (van Duijnhoven et al., 1989) was used at a dilution of 1:500 Control 
reactions involved the use of preimmune sera. 

In situ hybridization 
Hydrated sections of the pituitary were digested with 2 ¿xg/ml proteinase К in 10 mM 

TRIS (pH 7.6) with 5 mM EDTA, for 20 mm at 370C. Then they were sequentially treated 
with 0.1 M glycine in PBS (5 mm), PBS (2x3 mm), 4% paraformaldehyde in PBS (5 mm) 
and PBS ( 2 x 5 mm). Sections were hybridized with 10 μΐ hybndization buffer containing 

the probe (see below), 50% formamide, 5 χ SSC (SSC is 0.15 M NaCl, 0.15 M tnsodium 

citrate, pH 7.0) and 0 1 % sodium dodecyl sulphate, for 16 h at 420C. Two probes were used: 

a 700-bp insert of Xenopus 7B2 cDNA clone pX9 (Martens et al., 1989) to detect 7B2 

mRNA, and a 1000-bp insert of Xenopus POMC cDNA clone pXP20 (Martens, 1986) to 

detect POMC mRNA. After hybndization, slides were washed in 2 χ SSC (2 χ 15 mm) and 

0 4 χ SSC (2x15 mm), at 500C. Finally, sections were processed for detection of digoxigemn 

or [32P]. To assess the specificity of the hybndization signal, some sections were pre-treated 

with 25 /ig/ml RNAse A in 4 χ SSC for 30 mm, or hybndized with a digoxigenin-labelled 
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pBR328 DNA probe. 

For radioactive in situ hybridization, probes were labelled with [32P]-dATP using nick 

translation (Maniatis et al., 1989) (specific activity 5.10' cpm^g; 5.103 cpm/ΙΟμΙ 

hybridization buffer). After hybridization, sections were dehydrated with alcohol, dipped for 

autoradiography in Ilford G5 emulsion and exposed for 3 days (POMC) or 2 weeks (7B2). 

The sections were developed in Kodak D19 for 5 min and fixed in sodium thiosulphate. 

Autoradiograms were examined with bright field microscopy. 

For in situ hybridization with digoxigenin, a DNA labeling and detection kit 

(Boehringer Mannheim) was used according to the manufacturer's instructions. Probes were 

labelled by random primed incorporation of digoxigenin-labelled dcoxyuridine triphosphate 

(1 ng labelled DNA/10 μ\ hybridization buffer). After hybridization to the target mRNA as 

described above, the hybrids were detected by enzyme-linked immunoassay using an anti-

digoxigenin/alkaline phosphatase conjugate and subsequent enzyme-catalyzed colour reaction 

with 5-bromo-4-chloro-3-indolyl phosphate (X-phosphate) and nitroblue tetrazolium salt 

(NBT). Sections were studied as described above. 

RESULTS 

The intermediate lobe 

Immunoqitochemistry 

Strong aMSH-immunoreactivity was present in the melanotrope cells in the 

intermediate lobe (Fig. la, b). The cells also showed strong 7B2-immunoreactivity (Fig. 1c, 

d). Although there was no clear difference in staining intensity of melanotropes of black- and 

white-adapted animals with both the antisera, the intermediate lobes (Fig. la-d) and 

melanotropes (Fig. le, 0 of these animals were clearly distinct, those of black-adapted toads 

being considerably larger. No aMSH- or 7B2-immunoreactivities were observed in other cell 

types of the lobe, viz., in the glial-like folliculo-stellate cells, which occur dispersed between 

the melanotropes, or in cells associated with blood vessels. Control reactions were negative. 

In situ hybridization 

The use of radioactive and digoxigenin-labelled cDNA-probes demonstrated, in the 

intermediate lobe of black-adapted animals, very strong hybridization signals for both 7B2 

mRNA or POMC mRNA (Fig. 2a, c), whereas no 7B2 mRNA or POMC mRNA could be 

detected in lobes of white-adapted animals (Fig. 2b, d). The digoxigenin-labelled probes 

clearly revealed that hybridization signals of both mRNAs originated from the cytoplasm of 
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Figure 1. Immunocytochemistry with anti-aMSH and anti-7B2 of anterior {A), intermediate (I) and 
neural (Λ0 lobe and median eminence (£) of X. laevis adapted to a black or white background, a Black-
adapted. aMSH-reactivity in large intermediate lobe, χ 135. b White-adapted. aMSH-reactivity in 
small intermediate lobe, χ 135. с Black-adapted. 7B2-reactivity in intermediate (strong), neural 
(moderate) and anterior (faint) lobes, and in internal (faint; arrowheads) and external (moderate; 
arrows) parts of the median eminence, χ 135. d As in с but in white-adapted animal, χ 135. e Black-
adapted. Large 7B2-positive melanotrope cells, χ 1000. f White-adapted. Small 7B2-positive 
melanotropes. χ 1000. g Black-adapted. 7B2-positive cells in anterior lobe, χ 1000. h White-adapted. 
Numerous 7B2-positive dots in neural lobe, χ 1000 
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Figure 2. In situ hybridization of POMC mRNA and 7B2 mRNA signals in intermediate lobe (/) of 
X. laevis adapted to a black (a,c,e,f) or white (b,d) background. A anterior lobe; N neural lobe, a 
and b Autoradiography. Strong 7B2 mRNA signals in black-adapted animals (a), χ 300. с and d 
Autoradiography. Strong POMC mRNA signals in black-adapted animals (c). χ 300. e and f 
Digoxigenin method. Strong signals of 782 mRNA and POMC mRNA, respectively, in cytoplasm 
of melanotropes of black-adapted animals, χ 450 
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melanotrope cells (Fig. 2e, f)· No hybridization signals were observed in sections pre-treated 
with RNAse or in sections incubated with digoxigenin-labelled pBR328 DNA as a control 
probe. 

Other areas 

Imm unocytochemistry 
Neither the neural nor the anterior lobe of the pituitary gland, nor the median eminence 

showed any aMSH-immunoreactivity (Fig. la-b). On the other hand, all of these structures 
revealed 7B2-immunoreactivity. Moderate 7B2-immunoreactivity was present in the external 
zone of the median eminence, whereas the internal zone showed faint immunoreactivity (Fig. 
1c, d). In the anterior lobe, a few unidentified endocrine cells were moderately reactive (Fig. 
Ig), the other endocrine cells in this lobe being weakly positive. Moreover, immunoreactivity 
to MON-100 was present in the neural lobe, as small, moderately immunopositive dots that 
probably represented neurohemal axon terminals (Fig. Ih); other cellular elements in the lobe 
appeared to be immunonegative. No difference in the degree of 7B2-immunoreactivity between 
white- and black-adapted animals was apparent in any of the above structures. Control 
reactions were negative. 

In situ hybridization 
Hybridization signals to indicate the presence of 7B2 mRNA or POMC mRNA were 

absent from the median eminence and from the neural and anterior lobes both in white- and 
in black-adapted animals (Fig. 2a-f). 

DISCUSSION 

Biochemical evidence indicates that the neurointermediate lobe of X. laevis contains 
the 7B2 protein (van Duijnhoven et al., 1989; Ayoubi et al., 1990). Since the present 
morphological data show that melanotrope cells are immunoreactive for both the anti-7B2 and 
anti-aMSH sera, it can be concluded that 7B2 and aMSH coexist within these cells. As to 
the site of biosynthesis of the aMSH-precursor POMC, the in situ hybridization study with 
a digoxigenin-labelled POMC cDNA probe clearly shows that the melanotrope cell of X. 
laevis expresses the POMC-gene; the digoxigenin method permits the detection of POMC 
mRNA at the cellular level, viz. in the cytoplasm of the melanotropes. More importantly, 
this method reveals that not only POMC mRNA but also 7B2 mRNA is present in the 
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melanotropes in the neurointermediate lobe. This indicates that these cells produce both aMSH 
and 7B2. Therefore, the in situ hybridization and immunocytochemical data support the 
hypothesis that the melanotropes in the neurointermediate lobe represent the cellular sites 
where 7B2 is synthesized in coordination with POMC and where it is stored in coordination 
with aMSH. This hypothesis is further substantiated by comparing the amounts of POMC 
mRNA and 7B2 mRNA in the neurointermediate lobe of white- versus black-adapted animals. 
The radioactive probes show that both POMC mRNA and 7B2 mRNA are abundant in black-
adapted toads, whereas they are virtually undetectable in the lobes of white-adapted animals. 
Such a difference in mRNA content is also found using the digoxigenin-labelled probes, 
although here the difference is less prominent, apparently because the digoxigenin method 
is less suitable for quantitative analysis. These results lead to the conclusion that adaptation 
of X. laevis to a black background involves a coordinated increase in the expression of the 
genes for 7B2 and POMC, resulting in an accumulation of 7B2 and aMSH in the 
melanotropes. In melanotropes of white-adapted animals, the storage of 7B2 is likely to be 
caused by an inhibition of the release of the protein, analogous to the storage of aMSH in 
such cells (de Rijk et al., 1990). 

The immunocytochemical and in situ hybridization studies of other areas in the 
pituitary/median eminence system oiXenopus strongly suggest that 7B2 plays a particular role 
in melanotrope cells, for the following two reasons. (1) Whereas some 7B2-like 
immunoreactivity occurs in various areas (median eminence, neural lobe, anterior lobe), 
confirming the idea that 7B2 has a general role in secretory processes, immunoreactivity in 
melanotropes is remarkably high. This means either that melanotropes contain considerably 
more 7B2 than the other structures studied and/or that 7B2 in melanotropes differs chemically 
(or in its spatial configuration) in such a way from 7B2 in other cell types that it reacts more 
strongly with the antiserum. Indeed, there are indications that 7B2 proteins may vary in 
chemical structure not only among species but also among different organs. Whereas the pars 
intermedia of rat and mouse hardly show any immunoreactivity with the MON-100 antiserum, 
the neural and anterior lobe are strongly immunoreactive; furthermore, the 
immunocytochemical demonstration of 7B2 in certain areas of the Xenopus brain depends on 
the temperature of incubation with the primary antiserum, whereas the demonstration of 7B2 
in the melanotropes does not (T.A.Y. Ayoubi, unpublished data). (2) No 7B2 mRNA could 
be detected except in melanotropes. This absence is not unexpected with respect to the median 
eminence and neural lobe, as mRNAs generally are hardly or not present in nerve fibers and 
terminals. The absence of a hybridization signal from the anterior lobe, which contains 7B2-
immunoreactive endocrine cells, suggests that the amount of 7B2 mRNA in these cells is too 
low to be detected. Obviously, the detection of low amounts of RNA in individual cells is 
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severely hampered by the low resolving power of the autoradiographical method and the 
relatively low sensitivity of the non-radioactive (digoxigenin) method. Alternatively, the 
anterior lobe cells may contain considerable amounts of 7B2 mRNA but this mRNA may 
differ from the 7B2 mRNA of melanotropes in chemical and/or configurational aspects, 
rendering it less reactive with the cDNA probes. In either case, melanotropes appear to be 
clearly distinct from the other structures studied in that they show strong 7B2 mRNA signals 
with both methods. It should be noted that the explanations given here for the absence of 7B2 
mRNA signals from the anterior lobe may also hold for the absence of POMC mRNA signals 
from the anterior lobe; such signals would be expected to arise from the ACTH-producing 
cells, but the POMC mRNA may be present in low amounts only and/or it may not be able 
to react with the probes. Indeed, it has been suggested by Larsson et al., (1988) that POMC 
mRNA molecules in anterior lobe corticotropes may have a more extensive protein shell than 
those in intermediate lobe melanotropes. 

In conclusion, the present data favour the idea that the 7B2 protein has a general 
occurrence in secretory cells and plays, in X. laevis (and possibly also in other vertebrates), 
a particularly important role in the secretory dynamics of melanotrope cells. As these cells 
in X. laevis are involved in the control of background adaptation, a role of 7B2 in this 
physiological process seems feasible. 
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The Neuroendocrine Polypeptide 7B2 

is a Precursor Protein 

T. A. Y. Ayoubi, H. L. P. van Duijnhoven, W. J. M van de Ven, В. G. JenL·, 

E. W. Roubos and G. J. M. Martens 

J. Biol. Chem. 265. 15644-15647 (1990) 
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SUMMARY 

The neuroendocrine protein 7B2 is highly conserved and widely present in neurons 
and endocrine cells. It is coexpressed with the prohormone proopiomelanocortin (POMC) in 
the intermediate lobe of the pituitary gland ofXenopus laevis. To study the biosynthesis of 
7B2 in this amphibian, an anti-7B2 monoclonal antibody was used in immunoprecipitation 
analysis of newly synthesized radiolabelled proteins, produced by pulse and pulse-chase-
incubated neurointermediate lobes. Following a 15 min pulse incubation a single 
immunoprecipitable protein of 25 kDa was synthesized. During subsequent chase incubation, 
this newly synthesized 7B2 protein was processed to an 18-kDa immunoprecipitable form. 
Analysis of the chase incubation medium revealed that only the 18-kDa processed product 
of 7B2, and not 7B2 itself, had been secreted. This secretion is a regulated process because 
it was blocked completely by the dopamine receptor agonist apomorphine. A study of protein 
biosynthesis in lobes treated with tunicamycin to prevent N-linked glycosylation showed that 
in contrast to POMC and an 18-kDa derivative of POMC, neither 7B2 nor its 18-kDa 
derivative was glycosylated. Chemical and enzymatic peptide mapping showed that processing 
of 7B2 occurs in the carboxyl-terminal region. The function of the 7B2 protein is unknown; 
the present results show that 7B2 itself is a precursor molecule and can only have an 
intracellular function whereas an extracellular function can only be attributed to 7B2-derived 
peptides. 
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INTRODUCTION 

7B2 is a protein that is expressed in a wide variety of neural and endocrine tissues 
(Iguchi et al., 1984, 1985, 1987 a, b; Marcinkiewicz et al., 1985, 1986, 1987, 1988). 
Recently, molecular cloning and characterization of the cDNA of 7B2 were performed for 
the first time for the South African clawed toad, Xenopus laevis. This was done in a study 
aimed at finding genes that are coexpressed with the precursor protein proopiomelanocortin 
(POMC) in the intermediate lobe of the pituitary gland (Martens et al., 1989). At present the 
cDNA sequences are also known for human, pig and mouse 7B2 (Martens, 1988 b; Brayton 
et al., 1988; Mbikay et al., 1989). Comparison of these sequences shows that 7B2 is highly 
conserved during 350 million years of evolution because the overall degree of amino acid 
sequence identity between 7B2 of X. laevis and 7B2 of mammals is 80-83 % (Brayton et al., 
1988; Martens, 1988 b; Martens et al., 1989; Mbikay et al., 1989). This high degree of 
conservation indicates that the function of 7B2, which is still unknown, is of general biological 
importance. 

The primary structure of 7B2 contains three pairs of basic amino acid residues 
(Martens et al., 1989). In prohormones like POMC such pairs of residues often function as 
cleavage sites for proteolytic enzymes during precursor protein processing (Douglass et al., 
1984). To investigate whether 7B2 is a precursor protein that is processed to smaller peptides, 
pulse and pulse-chase incubations of neurointermediate lobes of X. laevis were conducted and 
the anti-7B2 monoclonal antibody MON-100 was used for immunoprecipitation analysis. 
Cyanogen bromide peptide mapping and Staphylococcus aureus V8 protease peptide mapping 
were carried out to investigate the site of precursor processing. Finally, the possible secretion 
of newly synthesized 7B2 or 7B2-derived peptides as well as the regulation of the secretory 
process were examined. 

MATERIALS AND METHODS 

Animals 
Xenopus laevis were bred and reared in the aquarium facility of the Department of 

Animal Physiology of the University of Nijmegen. Animals (40-60 g) were adapted to a black 
background by keeping them in black buckets under constant illumination for 3 weeks at 220C. 

Pulse and pulse-chase incubations 
Neurointermediate lobes were rapidly dissected and pulse-incubated at 220C for 15 -
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180 min in incubation medium (112 mM NaCl; 2 mM KCl; 2 mM CaCl2; 15 mM Hepes, 

pH 7.4; 0.3 mg/ml BSA; 2 mg/ml glucose) containing 1 mCi/ml of [3H]lysine (75 Ci/mmol, 

Amersham Corp.) and 0.5 mCi/ml [3H]proline (100 Ci/mmol, Amersham Corp.). After 

incubation, the lobes were either homogenized (pulse groups) or chase-incubated in 200 μ\ 

incubation medium containing 5 mM L-lysine and 5 mM L-proline, for 2 - 6 h (chase groups). 

Apomorphine treatment 

To investigate whether 7B2 was secreted in a regulated way, lobes were pulse 

incubated for 90 min and chased for 4 h (see above) in the presence of 10* M apomorphine. 

Immunoprecipitation analysis 

After the pulse and pulse-chase incubations, lobes were homogenized by sonication 

for 2 s on ice (all subsequent procedures were carried out at 40C) in 100 μ\ of 

immunoprecipitation buffer (20 mM triethanolamine-HCl, pH 7.8; 0.14 M NaCl; 0.075 % 

sodium dodecyl sulfate, SDS; 0.075 % deoxycholate; 0.075 % Triton X-100; 1 mM 

phenylmethylsulfonyl fluoride; 0.1 mg/ml soybean trypsin inhibitor). Tissue homogenates and 

chase media were cleared by centri fugation at 10,000 χ g for 10 min. Newly synthesized 7B2 

was immunoprecipitated from lobe extracts and chase media by incubation for 16 h with 

mouse anti-7B2 monoclonal antibody, MON-100 (van Duijnhoven et al., 1989) in 1 ml of 

immunoprecipitation buffer. The antigen-antibody complexes were incubated with protein A-

Sepharose (Pharmacia LKB Biotechnology Inc.) under constant agitation for 2 h. The protein 

A-Sepharose immunocomplexes were washed 3 times with immunoprecipitation buffer and 

the precipitates were subjected to SDS Polyacrylamide gel electrophoresis (Laemmli, 1970). 

Radiolabelled proteins were detected by fluorography (Bonner & Laskey, 1974). 

Tunicamycin treatment 

Lobes were preincubated for 16 h in 10 ^g/ml tunicamycin in X. laevis culture medium 

consisting of 6.66 ml L-15 medium (Gibco), 3 ml Milli Q water, 100 μΐ kanamycin (Gibco), 

100 μ\ antibiotic-antimycotic solution (Gibco), 0.8 mg СаСІ^НгО, 2 mg glucose (pH 7.4). 

Subsequently, they were pulse-incubated for 3 h in the presence of 10 μg/ml tunicamycin and 

subjected to immunoprecipitation analysis as described above. 

Cyanogen bromide peptide mapping 

Radiolabelled, newly synthesized proteins from lobe extracts and incubation medium 

were immunoprecipitated with MON-100 as described above. After washing, the protein A-

Sepharose immunocomplexes were lyophilized and the proteins were cleaved with 10% 
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cyanogen bromide (w/v) in 70% formic acid (v/v) in the dark, for 24 h. Control incubations 

were performed in 70% formic acid without cyanogen bromide. After lyophilizing the reaction 

mixture (500 μΐ), the products were subjected to SDS urea Polyacrylamide gel electrophoresis 

(Swank & Munkres, 1971) and detected by fluorography (Bonner & Laskey, 1974). 

Staphylococcus aureus V8 protease peptide mapping 

Newly synthesized proteins from lobe extracts and incubation medium, radiolabelled 

with [JH]tryptophan (55 Ci/mmol, Amersham Corp.), were immunoprecipitated as described 

above. After electrophoresis the regions containing 7B2 or the 7B2-derived product were 

excised from the gel. The gel strips were cut into small pieces and proteins were eluted and 

digested for 16 h in a buffer containing 100 μg/ml endoproteinase Glu-C (Boehringer 

Mannheim) from Staphylococcus aureus V8 (V8 protease), 0.1 M Tris-HCl (pH 7.8), 0.1 

mM EDTA and 0.1 % SDS (w/v) at 250C. After digestion the products were separated by 

reversed-phase High-Performance Liquid Chromatography (HPLC) on a Spherisorb 10 ODS 

column (Chrompack) in a buffer containing 0.5 M formic acid, 0.14 M pyridine (pH 3.0) 

and eluted with increasing concentrations of l-propanol as described previously (Martens et 

al., 1982 a). The flow rate was 2 ml/min and 0.5 min fractions were collected. 

[3H]tryptophan-labelled peptides were detected using liquid scintillation counting. 

RESULTS AND DISCUSSION 

Immunoprecipitation analysis with theanti-7B2 monoclonal antibody MON-100 showed 

that after a 15 min pulse incubation of neurointermediate lobes of X. laevis only one 

immunoprecipitable protein, of 25 kDa, was synthesized (Fig. 1). Immunoprecipitation with 

normal mouse serum did not precipitate any protein, indicating that the newly synthesized 

25 kDa protein is 7B2. During longer pulse incubations or pulse-chase incubations the protein 

appeared to be processed, yielding an 18-kDa product. Analysis of other potential products 

resulting from 7B2 processing was not possible because appropriate antisera are not available. 

Analysis of the medium revealed that only the 18-kDa product, and not the 25-kDa precursor, 

was secreted into the medium. To investigate whether this secretion was a regulated event 

and not a result of leakage, lobes were treated with apomorphine, a dopamine D2 receptor 

agonist that blocks the secretion of aMSH from the intermediate lobe of X. laevis (Verbürg 
et al., 1986 d). Secretion of the immunoprecipitated 18-kDa 7B2 product was blocked 
completely by apomorphine (Fig. 2). This inhibition resulted in an accumulation of the 18-kDa 
product in the tissue. The 25-kDa 7B2 protein did not accumulate, indicating that the apo-
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kDa M 1 2 3 4 5 6 7 8 9 10 11 12 13 

Figure 1. Pulse-chase and immunoprecipitation analysis. Radiolabelled proteins produced by pulse 
and pulse-chase-incubated neurointermediate lobes of X. laevis (4 lobes per lane) were 
immunoprecipitated using normal mouse serum (lane 1) or anti-7B2 monoclonal antibody Mon-100 
(lanes 2-8). Lanes 1-6 represent immunoprecipitated lobe extracts and lanes 7 and 8 are 
immunoprecipitated chase media. Lanes 1 and 2, 15 min pulse; lane 3, 30 min pulse; lane 4, 60-min 
pulse; lane 5, 60-min pulse and 2-h chase; lane 6, 60-min pulse and 4-h chase; lane 7, as lane 5; lane 
8, as lane 6. Lanes 9-13, total extracts of labelled proteins (0.2 lobe per lane) corresponding to lanes 
2-6. 
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Figure 2. Effect of apomorphine on the secretion of newly synthesized 7B2. Lobes were pulsed for 
90 min and chased for 4 h with (lanes 1, 3 and 5) or without 10* M apomorphine (lanes 2, 4 and 6), 
and subjected to immunoprecipitation analysis. Four lobes were used per lane. Lanes 1 and 2, 
immunoprecipitated lobe extracts; lanes 3 and 4, immunoprecipitated incubation media; lanes 5 and 
6, total extracts of labelled proteins (0.2 lobe per lane). 
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morphine treatment had no effect on the degree of processing of 7B2. Analysis of the lobe 

extracts showed that small molecular weight peptides derived from POMC also accumulated 

in apomorphine-treated tissue. This shows that the secretion of POMC- and 7B2-derived 

peptides is inhibited by apomorphine in a coordinated fashion. 

X. laevis POMC is a precursor protein of 38 kDa which is processed to a number of 

smaller products. Like 7B2, the processing of POMC yields an 18-kDa cleavage product 

(Martens et al., 1982 a). To demonstrate that the immunoprecipitated 18-kDa product was 

not the POMC 18-kDa product cross-reacting with MON-100, advantage was taken from the 

fact that X. laevis POMC and its 18-kDa cleavage product are N-linked glycosylated (Loh 

&. Gainer, 1982) whereas no potential site for N-linked glycosylation is present in the amino 

acid sequence of 7B2 (Martens, 1988 b; Martens et al., 1989). Accordingly, lobes were 

treated with tunicamycin, a blocker of N-asparagine-linked glycosylation (Tkacs & Lampen, 

1975). After tunicamycin treatment both POMC and the 18-kDa POMC-dcrived product 

migrated as smaller molecular mass proteins (35 and 16 kDa, respectively) (Fig. 3). This 

shows that tunicamycin had effectively blocked glycosylation. The mobility of the 

immunoprecipitated products, on the other hand, was unaffected by tunicamycin treatment 

(Fig. 3). This demonstrates that 7B2 is not N-linked-glycosylated and that the 

immunoprecipitated 18-ltDa protein is derived from 7B2 and not from POMC. 

kDa 1 2 3 4 5 6 
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_ 4 & .POMC 
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•|4_ — --»кОш POMC* 

Figure 3. Effect of tunicamycin on newly synthesized 7B2. Lobes were preincubated for 16 h with 
(lanes 1, 3 and 5) or without (lanes 2, 4 and 6) 10 /ig/ml tunicamycin, pulse incubated for 3 h and 
subjected to immunoprecipitation analysis. Four lobes were used per lane. Lanes 1 and 2, 
immunoprecipitated lobe extracts; lanes 3 and 4, immunoprecipitated incubation media; lanes 5 and 
6, total extracts oflabelled proteins (0.2 lobe per lane). Lanes 1, 3 and S are tunicamycin treated; lanes 
2, 4 and 6 are controls. ": unglycosylated POMC. 
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To investigate which portion of 7B2 is cleaved off during processing, chemical peptide 

mapping was performed. 7B2 of X. laevis contains only two methionine residues, at positions 

22 and 40. This means that chemical cleavage with cyanogen bromide, which cleaves the 

peptide bond at methionine residues (Shively, 1986), would result in cleavage at the amino-

terminal side of 7B2. From Fig. 4, showing that both 7B2 and its processing product were 

cleaved by cyanogen bromide, it can be concluded that 7B2 is processed carboxyl terminally 

to yield an amino-terminal 18-kDa product. 

1 2 3 4 

M -25 kDa 
18kDa - f c g ^ - M - 1 9 kDa 

15 kDa - Μ · ^ 

Figure 4. Cyanogen bromide peptide mapping of immunoprecipitated 7B2. After a 5-h pulse 
incubation, radiolabelled 7B2 was immunoprecipitated from the incubation medium (lanes 1 and 2) 
or from the lobe extracts (lanes 3 and 4). Lanes 1 and 3 represent control-incubated, 
immunoprecipitated, radiolabelled 7B2; lanes 2 and 4 represent immunoprecipitated, radiolabelled 7B2 
cleaved by 10 % cyanogen bromide. 

Three pairs of basic amino acids are located at positions 138-139,153-154 and 171-172 

in Xenopus 7B2 (Martens et al., 1989). The fact that the 25-kDa 7B2 protein is processed 

to an 18-kDa product suggests that if processing occurs at pairs of basic amino acids, Lys138-

Lys139 constitutes the most likely cleavage site. Cleavage at one of the other two sites would 

probably have resulted in a higher molecular mass product. To support the idea that cleavage 

of 7B2 occurs at Lys'^-Lys139, V8 protease peptide mapping was performed. V8 protease 

cleaves at the carboxyl-terminal side of aspartic and glutamic acid residues (Shively, 1986). 

We took advantage of the fact that Lys13e-Lys13' is flanked by glutamic acid residues at 

positions 127 and 143 (Fig. 5). This region of the 7B2 molecule could be selectively labelled 

with [3H]tryptophan because the only tryptophan residue in the 7B2 is at position 136. This 

means that protease digestion of the [3H]tryptophan-labelled 7B2 precursor molecule will result 

in a single, labelled peptide of 16 amino acid residues. Consequently, if LysI3i-Lys139 is used 

in the processing of 7B2, then digestion of [3H]tryptophan-labelled 18-kDa 7B2 will result 

in a single, labelled peptide of 10 amino acid residues. The results show that V8 digestion 
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25 kDa 7B2 — Pro Glu'His Asn Tyr Pro Gly Ala Ser TKr Trp Asn Lys Lys Leu Leu Туг Glu'Lys -I . V8 protease 

His Asn Tyr Pro Gly Ala Ser Thr Trp Asn Lys Lys Leu Leu Tyr Glu 

18kDa7B2 — Pro Gli uTlis Asn Tyr Pro Gly Ala Ser Thr Trp Asn 

V8 protease 

His Asn Tyr Pro Gly Ala Ser Thr Trp Asn 
I . 

Figure 5. Scheme of V8 protease digestion of 7B2 and its 18-lcDa product. Small arrows denote 
glutamate residues at which cleavage occurs. Asterisks indicate [3H]tryptophan residue. 
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Figure 6. Reversed-phase HPLC analysis of V8 digests of 7B2 and its 18-kDa product. Lobes were 
pulse labelled for 3 h with [3H]tryptophan. Newly synthesized 7B2 and the 18-kDa product were 
immunoprecipitated, separated by SDS-polyacrylamide gel electrophoresis, cut out from the gel and 
digested with V8 protease. Shown are HPLC profiles of V8-digested A, 25-kDa precursor from lobe 
extracts; B, 18-kDa product from lobe extracts; and C, 18-kDa product from the incubation medium. 
The profiles are representative data of three separate experiments. 
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of the immunoprecipitated [3H]tryptophan-labelled 25-kDa precursor resulted in the production 
of a peptide eluting at 22 min on HPLC, whereas V8 digestion of the 18-kDa 7B2 form 
yielded a less hydrophobic peptide eluting at 18 min (Fig. 6). From these results and the 
finding that the 18-kDa product contains tryptophan it appears that the processing of 7B2 
occurs between residues 136 and 143. As to the exact cleavage site within this region, we 
propose that this site is Lys13e-Lys139, since pairs of basic amino acids are common cleavage 
sites during precursor processing in neurons and endocrine cells (Douglass et al., 1984). 

In conclusion, our results indicate that the neuroendocrine protein 7B2 is synthesized 
in the neurointermediate lobe of X. laevis as a precursor protein of 25 kDa and that it is 
carboxyl-terminally processed to form an 18-kDa product. This protein is secreted in a 
regulated way whereas the 7B2 precursor is not secreted. Whether intact 7B2 is a biologically 
active protein having a regulatory role within the cell or the 18-kDa 7B2-derived secretory 
product has an extracellular function, remains to be established. Finally, it should be 
mentioned that 7B2 extracted from mammalian tissues and plasma is reported to be a protein 
of 19-21 kDa (Iguchi et al., 1984, 1987 a). In view of the present data, the possibility must 
be considered that this 19-21 kDa protein is in fact a processed product of 7B2. 
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Regulation of Secretion of the Neuroendocrine Protein 7B2 
from the Melanotrope Cells of Xenopus laevis 

T. A. Y. Ayoubi, B. G. Jenks, E. W. Roubos and G. J. M. Martens 
(Submitted for publication) 
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SUMMARY 

The neuroendocrine protein 7B2 is highly conserved and occurs in secretory granules 

of a wide variety of neurons and endocrine cells. In the melanotrope cells of the pars 

intermedia of Xenopus laevis, 7B2 is coexpressed with proopiomelanocortin (POMC). It is 

synthesized as a 25-kDa precursor protein that is processed to an 18-kDa form. The 18-kDa 

product is secreted while the 7B2 precursor is not. The release of the POMC-derived peptide 

α-melanophore-stimulating hormone (aMSH) from melanotrope cells is regulated by various 

factors of hypothalamic origin. We have examined the role of a number of these factors in 

the control of 7B2 secretion. For this purpose, neurointermediate lobes of black background-

adapted X. laevis were pulse labelled with tritiated amino acids and the level of secretion of 

newly synthesized 18-kDa 7B2 during chase incubations was determined by 

immunoprecipilation analysis using an anti-7B2 monoclonal antibody. The secretion of 18-kDa 

7B2 was found to be blocked by dopamine, 7-aminobutyric acid (GABA) and neuropeptide 

Y; these secretogogues are established inhibitors of aMSH secretion. Secretion of 18-kDa 

7B2 tended to be stimulated by corticotropin releasing factor (CRF), the amphibian CRF 

homologue sauvagine and 8-Br-cAMP, but these effects were not statistically significant. 

When basal 7B2 secretion of melanotropes was reduced by treatment with dopamine or the 

GABAB receptor agonist baclofen, 8-Br-cAMP evoked a significant stimulation. It is 

concluded that in the melanotrope cells of X. laevis, release of 18-kDa 7B2 is coregulated 

with aMSH release, and that cAMP is most likely an important second messenger in this 

coregulatory process. 



Chapter 5 53 

INTRODUCTION 

In contrast to the situation in mammals, the function of the melanotrope cells of the 
pars intermedia of the amphibian pituitary is well defined. These cells function as 
neuroendocrine transducers in the neuroendocrine reflex regulating the process of background 
adaptation. When the clawed toad Xenopus laevis is placed on a black background the 
melanotrope cells become highly active, resulting in high expression of the 
proopiomelanocortin (POMC) gene and release of the POMC-derived peptide a-melanophore 
stimulating hormone (aMSH) (Martens, 1988 a). aMSH induces the dispersion of pigment 
in dermal melanophores resulting in a darkening of the animal (Bagnara & Hadley, 1973). 

As a result of a study aimed at finding genes that are associated with POMC gene 
expression in the melanotrope cell of X. laevis, a cDNA has been isolated that codes for the 
7B2 protein (Martens, 1988 b). 7B2 is a secretory granule-associated protein originally 
isolated from porcine pituitary glands (Hsi et al., 1982). It is highly conserved during 350 
million years of vertebrate evolution (Martens et al., 1989). Immunoreactivity to 7B2 has been 
reported in all lobes of the Xenopus (van Duijnhoven et al., 1989; Ayoubi et al., 1991 a), 
mouse (Steel et al., 1988), rat (Iguchi et al., 1984; Marcinkiewicz et al., 1985; Steel et al., 
1988) and human (Steel et al., 1988) pituitary. Other organs showing 7B2 immunoreactivity 
are the brain (Iguchi et al., 1984, 1985, 1987 a; Marcinkiewicz et al., 1985, 1986; Steel et 
al., 1988), spinal cord (Marcinkiewicz et al., 1985; Suzuki et al., 1985), adrenal medulla 
(Iguchi et al., 1984, 1987 b), pancreas (Iguchi et al., 1984; Suzuki et al., 1987, 1988), gut 
(Falgueyretetal., 1987; Suzuki et al., 1988) and thyroid gland (Marcinkiewicz et al., 1988). 

Recently, the suggestion was made to list the 7B2 protein as a member of the granin 
(chromogranin/secretogranin) family (Huttner et al., 1991). This proposal was based upon 
the biochemical properties as well as on the widespread distribution in secretory granules of 
endocrine and neural cells which 7B2 shares with the other members of this family. The 
function of 7B2 is unknown, but there are two hypotheses. First, the widespread distribution 
of 7B2 suggests that the protein has a general, important function within the secretory granule 
itself, e.g. in hormone packaging and transport or in prohormone processing and maturation. 
On the other hand, 7B2-derived peptides might have an extracellular function as a hormone, 
neurotransmitter/neuromodulator or paracrine factor. Secretory characteristics of 7B2 have 
been documented using cultured cells of the rat pituitary (Iguchi et al., 1984; Deng et al., 
1986), a rat pheochromocytoma cell line (PC 12) (Suzuki et al., 1986), cultured bovine 
chromaffin cells (Iguchi et al., 1987 b), isolated rat hypothalami (Venetikou et al., 1990) and 
rat adrenals (Tsuchiya et al., 1990). Knowledge about the regulatory mechanisms that govern 
7B2 release might increase our insight into the function(s) of this protein. In a previous study 
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we have shown that 7B2 is synthesized in melanotropes of X. laevis as a precursor protein 

of 25 kDa that is processed to an 18-kDa product. This 18-kDa 7B2 is secreted whereas the 

7B2 precursor is not (Ayoubi et al., 1990). Secretion of 18-kDa 7B2 can be inhibited by the 

dopamine D2 receptor agonist apomorphine (Ayoubi et al., 1990). In the present study we 

have analyzed in detail the control of release of newly-synthesized 18-kDa 7B2 from the pars 

intermedia of X. laevis using pulse-chase and immunoprecipitation techniques. For this 

purpose the effect of factors that have been established to control the release of aMSH from 

melanotropes of X. laevis were tested. Included in this analysis were the aMSH-release 

inhibiting factors dopamine, γ-aminobutyric acid (GABA), neuropeptide Y (NPY) and the 

aMSH-release stimulating factors corticotropin releasing factor (CRF), sauvagine (an 

amphibian CRF homologue) and the cAMP analogue 8-Br-cAMP. 

MATERIALS AND METHODS 

Animals 

Xenopus laevis were bred and reared in the aquarium facility of the Department of 

Animal Physiology of the University of Nijmegen. Animals were adapted to a black 

background by keeping them in black buckets under constant illumination for 3 weeks at 220C. 

Pulse-chase incubations 

Neurointermediate lobes were rapidly dissected and pulse-incubated at 220C for 90 

min in incubation medium (112 mM NaCl; 2 mM KCl; 2 mM CaCl2; 15 mM Hepes, pH 7.4; 

0.3 mg/ml BSA; 2 mg/ml glucose) containing 1 mCi/ml of [3H]lysine (75 Ci/mmol, 

Amersham) and 0.5 mCi/ml [3H]proline (100 Ci/mmol, Amersham). Following the labelling, 

the lobes were chase-incubated in 100 μΐ incubation medium containing 5 mM L-lysine and 

5 mM L-proline, for 3 h in the presence or absence of secretagogues. Doses used were 

selected to give maximum effects on aMSH secretion; dopamine: 5 χ 10"5 M (Verburg et al., 

1986 d), apomorphine (a dopamine D2 receptor agonist): IO"5 M (Verburg et al., 1986 d), 

GABA: IO"1 M (Verburg et al., 1987 d), baclofen (a GABAB receptor agonist): 3.3 χ IO"6 M 

(Verburg et al., 1987 d), NPY: IO"6 M (Verburg et al., 1987 b), CRF: IO"6 M (Verburg et 

al., 1987 a), sauvagine: 4 χ IO"6 M (Verburg et al., 1987 a) and 8-Br-cAMP: 6 χ IO"3 M 

(Verburg et al., 1986 b). The level of newly synthesized 18-kDa 7B2 secretion was 

determined by immunoprecipitation analysis. 
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Immunoprecipitation analysis 

After the pulse-chase incubations, lobes were homogenized by sonication for 2 s on 

ice (all subsequent procedures were carried out at 40C) in 100 μΙ of immunoprecipitation 

buffer (20 mM triethanolamine-HCl, pH 7.8; 0.14 M NaCl; 0.075 % sodium dodecyl sulfate, 

SDS; 0.075 % deoxycholate; 0.075 % Triton X-100; 1 mM phenylmethylsulfonyl fluoride; 

0.1 mg/ml soybean trypsin inhibitor). Tissue homogenates and chase media were cleared by 

centrifugation at 10,000 χ g for 10 min. Newly synthesized 7B2 was immunoprecipitated from 

lobe extracts and chase media by incubation for 16 h with a mouse anti-7B2 monoclonal 

antibody, MON-100 (van Duijnhoven et al., 1990) in 1 ml of immunoprecipitation buffer. 

The antigen-antibody complexes were incubated with protein A-Sepharose (Pharmacia) under 

constant agitation for 2 h. The protein A-Sepharose immunocomplexes were washed 3 times 

with immunoprecipitation buffer and the immunoprecipitates were subjected to SDS-

polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970). Radiolabelled proteins 

were detected by fluorography (Bonner &. Laskey, 1974). The secretion of 7B2 was 

quantitated by densitometric scanning of the fluorograms. 

Statistical analysis 

Statistical analyses were performed using Students t-test. Differences were considered 

to be significant when Ρ < 0.05. 

RESULTS 

Apomorphine and G ABA inhibited secretion of newly synthesized 18-kDa 7B2 by more 

than 90 % (Fig. 1). This inhibition resulted in an accumulation of the 18-kDa product in the 

tissue while the 25-kDa 7B2 protein did not accumulate (Fig. 1). NPY (10 ' M) also inhibited 

the secretion, viz. by 74 % (Fig. 2). 

Secretion of 18-kDa 7B2 tended to be stimulated by sauvagine, CRF and 8-Br-cAMP, 

but these effects were not statistically significant (Fig. 2). The effect of 8-Br-cAMP on 18-

kDa 7B2 secretion was also assessed under a condition that inhibits aMSH release. For this 

purpose labelled neurointermediate lobes were preincubated for 15 min with dopamine (5 χ 

ΙΟ5 M) or with baclofen (3.3 χ 10^ M). After preincubation they were challenged to secrete 

for 3 h under the same inhibitory condition with or without adding 6 χ 10"3 M 8-Br-cAMP. 

cAMP-treated lobes showed a 3.5-fold increase (P < 0.05) in secretion of 18-kDa 7B2 under 

conditions of inhibition by dopamine as well as by baclofen (Fig. 2). 
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Figure 1. Effect of apomorphine, GABA and 8-Br-cAMP on secretion of newly synthesized 782. 
Lobes were pulse-incubated for 90 min in medium containing [3H]lysine and [3H]proline, followed 
by 3 h of chase-incubation in the absence or presence of secretagogues. Lobe extracts and incubation 
media were subjected to immunoprecipitation analysis (four lobes/lane) using the anti-7B2 monoclonal 
antibody MON-100. Lanes 1, 5 and 9, control incubations; lanes 2, 6 and 10, ΙΟ-5 M apomorphine; 
lanes 3, 7 and 11, КГ1 M GABA; lanes 4, 8 and 12, 6 χ ί α ' M 8-Br-cAMP. Lanes 1-4, 
immunoprecipitated lobe extracts; lanes 5-8, immunoprecipitated incubation media; lanes 9-12, total 
extracts of labelled proteins (0.2 lobe/lane). С and C'; as lanes 1 and 5, respectively, but 
immunoprecipitated with normal mouse serum. M; molecular weight markers. Arrows indicate 7B2 
(25 kDa) and the 18-kDa derived product. 
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Figure 2. Effect of different secretagogues on the secretion of newly synthesized 7B2. Lobes were 
pulse-incubated for 90 min in medium containing pHJlysine and |3Н]рго1те, followed by 3 h of chase-
incubation in the absence or presence of secretagogues. The SDS-PAGE fluorogram represents the 
result of a typical experiment in which the incubation medium of one neurointermediate lobe of X. 
laevis was immunoprecipitated using the anti-7B2 monoclonal antibody MON-100. The bars below 
represent the mean + S.E.M. (Between 4 and 8 individual neurointermediate lobes were used per 
group.) Lane 1, control; lane 2, ΙΟ"5 M apomorphine; lane 3, ΙΟ"6 M NPY; lane 4, 4 χ ΙΟ"4 M 
sauvagine; lane 5, IO6 M CRP; lane 6, 6 χ ΙΟ3 M 8-Br-cAMP; lane 7, 5 χ IO'5 M dopamine; lane 
8, 5 χ ΐσ 5 Μ dopamine + 6 χ ία 3 Μ 8-Br-cAMP; lane 9, 3.3 χ ΙΟ'6 Μ baclofen; lane 10, 3.3 χ ΙΟ"6 

Μ baclofen + 6 χ ΙΟ3 M 8-Br-cAMP. Μ, molecular weight marker. *, Ρ < 0.05 compared with 
control group; ο, ρ < 0.05 compared with dopamine-treated group; · , Ρ < 0.05 compared with 
baclofen-treated group. 
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DISCUSSION 

Although 7B2 immunoreactivity is present in both the neural and the intermediate lobe 
of the pituitary gland of X. laevis, 7B2 mRNA only occurs in the intermediate lobe of this 
animal, as was shown using in situ hybridization (Ayoubi et al., 1991 a). This implies that 
the newly synthesized 7B2 analyzed in this study originates from the melanotrope cells. 

The melanotrope cell is regulated in a complex fashion involving hypothalamic 
catecholamine, peptide and GABA inputs. At present, it is not known what the physiological 
contribution of dopamine, GABA and NPY is to the regulation of aMSH secretion, but in 
vitro all three are potent inhibitors of aMSH secretion (Verbürg et al., 1986 d, 1987 b, d). 
From the results presented here it is clear that inhibition of secretion of 18-kDa 7B2 by 
dopamine, GABA and NPY is concomitant with the inhibition these factors exert on aMSH 
release from the melanotropes of X. laevis. 

Sauvagine, CRF and cAMP are effective in stimulating aMSH secretion from 
neurointermediate lobes of X. laevis adapted to a white background, whereas lobes of animals 
adapted to a black background show a poor response (Verbürg et al., 1986 b, 1987 a). An 
explanation for this fact could be that the highly activated melanotrope cells from black-
adapted animals are secreting at an almost maximum rate and cannot respond to further 
stimulation by cAMP or by secretagogues that act via adenylate cyclase (such as CRF and 
sauvagine) (Jenks et al., 1991). Similarly, secretion of 18-kDa 7B2 from melanotropes of 
black-adapted animals does not appear to be significantly increased by 8-Br-cAMP or by CRF 
and sauvagine. It would have been very interesting to study 18-kDa 7B2 secretion by 
melanotrope cells of animals adapted to a white background but these cells are biosynthetically 
very inactive (Martens, 1988 a) which makes the analysis of newly synthesized peptides 
difficult. However, under the inhibitory conditions of treatment with dopamine or with 
baclofen, factors that are known to inhibit cAMP production in Xenopus melanotropes 
(Verbürg et al., 1987 с; Jenks et al., 1991), the endogenous level of cAMP drops rendering 
the cells sensitive again to cAMP. Our results show that in such cells, where secretion is not 
maximal, it is possible to stimulate 18-kDa 7B2 secretion by 8-Br-cAMP. 

In conclusion, the same observations made previously for the regulation of aMSH 
secretion appear to hold for the secretion of newly synthesized 18-kDa 7B2. This fact strongly 
indicates that in the melanotropes of Xenopus laevis the secretion of aMSH and 18-kDa 7B2 
are coregulated and that с AMP plays an important role in the coregulatory mechanism. 
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Regulation of 7B2 and proopiomelanocortin mRNA levels 
in the pituitary gland of Xenopus laevis 

T. A. Y. Ayoubi, B. G. Jenks. E. W. Roubos and G. J. M. Martens 

(Submitted for publication) 
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SUMMARY 

The neuroendocrine protein 7B2 is highly conserved and occurs in secretory granules 
of a wide variety of neurons and endocrine cells. In this study the expression of the 7B2 and 
proopiomelanocortin (POMC) genes was investigated in the amphibian Xenopus laevis using 
Northern and dot blot hybridization analyses with cloned cDNA probes. Total RNA was 
isolated from a number oí Xenopus tissues, including pituitary, brain, pancreas, liver, heart, 
kidney, lung, stomach, intestine, testis, oviduct, spleen and bladder. 7B2 mRNA could only 
be detected in the pituitary gland and the brain. A time course analysis performed in order 
to examine the changes in the level of 7B2 mRNA during background adaptation showed that, 
similar to the POMC gene, 7B2 gene expression is activated in the intermediate lobe of the 
pituitary gland but not in the anterior lobe when animals are transferred from a white to a 
black background. 

Regulation of the level of 7B2 mRNA was compared to that of POMC mRNA. 
Treatment of neurointermediate and anterior lobes for three days with the dopamine D2-
receptor agonist apomorphine, with γ-aminobutyric acid or with neuropeptide Y led to 

significant decreases in both 7B2 mRNA and POMC mRNA levels in the intermediate lobe, 

but not in the anterior lobe. 

In conclusion, the results demonstrate that in X. laevis the regulation of both 7B2 and 

POMC mRNA levels is under multifactorial and tissue-specific control. 
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INTRODUCTION 

The neuroendocrine protein 7B2 has a widespread distribution in secretory granules 
of neuronal and endocrine cells. Immunoreactivity for 7B2 has been reported in brain (Iguchi 
et al., 1984, 1985, 1987 a; Marcinkiewicz et al., 1985, 1986; Steel et al., 1988), spinal cord 
(Suzuki et al., 1985), adrenal medulla (Iguchi et al., 1987 b), pancreas (Suzuki et al., 1987, 
1988), gut (Falgueyret et al., 1987; Suzuki et al., 1988), thyroid gland (Marcinkiewicz et 
al., 1988) and the three lobes of the pituitary gland (Iguchi et al., 1984; Marcinkiewicz et 
al., 1985; Steel et al., 1988; Ayoubi et al., 1991 a). Recently, the cDNAs for human 
(Martens et al., 1988), Xenopus (Martens et al., 1989), porcine (Brayton et al., 1988), mouse 
(Mbikayetal., 1989), rat (Waldbieseret al., 1991) and salmon 7B2 (Waldbieser et al., 1991) 
have been cloned and sequenced. The physiological function of 7B2 is unknown but the 
protein shows a strong evolutionary conservation suggesting an important function. In the toad 
Xenopus laevis, the 7B2 gene was found to be coexpressed with proopiomelanocortin (POMC) 
in the melanotrope cells of the pars intermedia of the pituitary gland (Martens et al., 1989; 
Ayoubi et al., 1991 a). These cells release the POMC-derived peptide aMSH which induces 
pigment dispersion in dermal melanophores during black background adaptation (Bagnara & 
Hadley, 1973). In the intermediate lobe of black-background-adapted animals the POMC gene 
is highly expressed and the level of POMC mRNA is 20- to 30-fold higher than in the 
intermediate lobe of white-background-adapted animals (Martens et al., 1987). 

The secretory activity of the intermediate lobe of X. laevis is regulated by various 
factors of hypothalamic origin, not only classical aminergic messengers but also 
neuropeptides; dopamine, 7-aminobutyric acid (GABA) and neuropeptide Y (NPY) inhibit 
the release of POMC-derived peptides from the intermediate lobe of X. laevis (Verbürg et 
al., 1986 d, 1987 b, d). 

Knowledge about the regulation of 7B2 gene expression might help to identify the 
function of this protein. Therefore, we have first analyzed the tissue distribution of 7B2 
mRNA in X. laevis. In order to compare the regulation of 7B2 and POMC gene expression, 
we studied the time course in the activation of these two genes during the physiological 
process of background adaptation. Moreover, the possible effects of the dopamine D2-receptor 
agonist apomorphine, of GABA and of NPY on the levels of both 7B2 and POMC mRNA 
in the pituitary gland of X. laevis were analyzed. 
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MATERIALS AND METHODS 

Animals 

Xenopus laevis were bred and reared in the aquarium facility of the Department of 

Animal Physiology of the University of Nijmegen. Animals were adapted to a black or a white 

background by keeping them in black or white buckets, respectively, under constant 

illumination for 3 weeks at 220C. 

7B2 and POMC mRNA analysis 

Total RNA was extracted from several tissues of X. laevis by the acid guanidinium 

thiocyanate-phenol-chloroform procedure (Chomczynski & Sacchi, 1987). For Northern blot 

analysis, RNA was size fractionated by electrophoresis on a 1 % agarose-2.2 M formaldehyde 

gel and transferred to nitrocellulose filters using 20 χ SSC (1 χ SSC is 0.15 M NaCl, 0.015 

M sodium citrate, pH 7). Filters were prehybridized at 420C for 1 h and hybridized with [32P]-

labelled random-primed (Maniatis et al., 1989) cDNA at the same temperature for 16 h in 

hybridization buffer containing 50% formamide, 6 χ SSC, 5% blocking reagent (Boehringer 

Mannheim), 1 % sodium dodecyl sulfate (SDS) and 1 % sarcosyl. After hybridization the filters 

were washed twice at 550C in 2 χ SSC, 0.1 % SDS and 5 mM EDTA for 30 min and twice 

at 550C in 0.4 χ SSC, 0.1% SDS and 5 mM EDTA for 30 min. Xenopus 7B2 and POMC 

cDNA clones pX9 (Martens et al., 1989) and pXP20 (Martens, 1986) were used for the 

detection of 7B2 and POMC mRNA, respectively. Levels of 7B2 and POMC mRNA were 

quantified by densitometric scanning of the autoradiograms. For dot blot analysis RNA pellets 

from individual lobes were resuspended in 800 μ\ of a solution containing 7.4 % formaldehyde 

and 6 χ SSC, denatured by heating to 650C for 10 min and blotted in duplo on nitrocellulose 

filters using a Dot-Blot apparatus (Bio Rad). The filters were baked at 800C for 2 h and 

subsequently treated as for Northern blot analysis. 

Treatment with secretagogues 

Neurointermediate lobes and anterior lobes were dissected and incubated in the 

presence or absence of a secretagogue for 3 days at 220C in culture medium containing 67% 

(v/v) L15 medium (Gibco), 10% fetal calf serum (Gibco), 0.08 mg/ml CaCl2H20 and 0.2 

mg/ml glucose (pH 7.4). Secretagogues were used at concentrations that produce maximal 

inhibition of aMSH release from neurointermediate lobes of X. laevis; apomorphine (a 

dopamine D2-receptor agonist): 105 M (Verburg et al., 1986 d), GABA: IO"1 M (Verburg 

et al., 1987 d), NPY: 10^ M (Verburg et al., 1987 b). The media were changed twice a day. 

The levels of 7B2 mRNA and POMC mRNA were determined by dot blot analysis as 
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described above. 

Statistical analysis 

Statistical analyses were performed using Students t-test. Differences were considered 

to be significant when Ρ < 0.05. 

RESULTS 

Northern blot analysis of 7B2 and POMC mRNA in Xenopus tissues 

Northern blot analysis of total RNA prepared from several tissues of Xenopus laevis 

indicated the presence of a single 7B2 mRNA transcript of about 1200 bases and a single 

POMC mRNA transcript of about 1300 bases in the brain and pituitary showing the specificity 

of the cDNA probes used (Fig. 1 and 2). No hybridization signal for 7B2 mRNA was detected 

POMC mRNA 7B2 mRNA 

Figure I. Northern blot analysis of 7B2 mRNA and POMC mRNA in Xenopus tissues. Total RNA 
(30 μg) from each tissue was used for analysis. Films were exposed for 2 days. 
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Figure 2. Northern blot analysis of total RNA isolated from Xenopus intermediate (IL) and anterior 
lobes (AL) from black-adapted (В) and white-adapted (W) animals. Each lane contains RNA extracted 
from a pool of 10 intermediate or anterior lobes. Films were exposed for 16 h in the case of POMC 
mRNA and for 6 days in the case of 782 mRNA. 

in pancreas, liver, heart, kidney, lung, stomach, intestine, testis, oviduct, spleen or bladder. 

The expression pattern of POMC mRNA was similar to that of 7B2 mRNA. The intensity 

of the hybridization signals indicated that POMC transcripts are more abundant in brain and 

pituitary than 7B2 transcripts. After longer exposure of the Northern blot (11 days) a 

hybridization signal for POMC mRNA was also observed in the intestine (not shown). The 

level of 7B2 mRNA in the intermediate lobe of black-adapted animals was about 8 times 

higher than in white-adapted animals. 7B2 mRNA levels were essentially the same in the 

anterior lobes of black- and white-adapted animals. Northern blot analysis showed that the 

level of POMC mRNA was 20 - 30 times higher in the intermediate lobes of black-adapted 

animals than in those of white-adapted animals. In anterior lobes of black- and white-adapted 

animals the levels of POMC mRNA were essentially the same . 
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Time course analysis of 7B2 and POMC mRNA in the intermediate lobe ofX. laevis 

A time course analysis was performed of the changes in 7B2 and POMC mRNA levels 

after transfer of white-adapted X. laevis to a black background. In the intermediate lobe of 

white animals adapting to a black background, the level of 7B2 mRNA remained low for over 

32 h after transfer; it increased thereafter and was significantly higher after 48 h (280 + 80 

% of white-adapted animal prior to transfer; Ρ < 0.05) (Fig. 3). The level of POMC mRNA 

was already significantly increased 16 h after transfer (233 ± 10 % of white-adapted animals 

prior to transfer; Ρ < 0.05) (Fig. 3). 
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Figure 3. Time course study of the levels of 7B2 and POMC mRNA in the neurointermediate lobe 
after transfer of white-adapted X. laevis to a black background. Levels of 7B2 mRNA and POMC 
mRNA were determined by dot blot analysis. Data are means ± S.E.M. and are expressed as 
percentages of t=0 (just prior to transfer). *, Ρ < 0.05, when compared with t=0. 
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Analysis of effects of secretagogues on the levels of 7B2 and POMC mRNA 

Apomorphine (IO6 M), GABA (10"· M) and NPY (106 M) significantly decreased the 

levels of both 7B2 mRNA and POMC mRNA in cultured neurointermediate lobes of both 

black- and white-adapted animals (Fig. 4). This effect was tissue specific since no significant 

effects of these secretagogues were observed on 7B2 mRNA or POMC mRNA levels in 

anterior lobes (Fig. 5). 
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Figure 4. Effects of secretagogues on the levels of 7B2 mRNA and POMC mRNA. Neurointermediate 
lobes (IL) and anterior lobes (AL) from black-adapted and white-adapted animals were cultured for 
3 days with ία6 M apomorphine (Α), ία4 M GABA (G), 10-* M NPY (Ν) or without secretagogue 
(C). After treatment, 7B2 and POMC mRNA levels were determined by dot blot analysis. Values 
represent means + SEM. *, Ρ < 0.05, compared with corresponding controls. 
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DISCUSSION 

In the present study on X. laevis, considerable amounts of 7B2 mRNA were found 
in the pituitary gland and to a lower degree, in the brain. Also in rat and mouse, 7B2 mRNA 
is particularly present in pituitary and brain (Waldbieser et al., 1991; Mbikay et al., 1991). 
We did not detact 7B2 mRNA in any other tissues studied. This may be because these tissues 
do not express the 7B2 gene or because the level of 7B2 gene expression is below the 
sensitivity of the Northern blot analysis. In mouse, 7B2 mRNA has been detected in several 
peripheral organs including the thyroid, stomach, kidney, submaxillary gland, thymus, lung, 
intestine, spleen, ovary and testis. The levels of 7B2 mRNA in these tissues were considerably 
lower than in the pituitary gland (Mbikay et al., 1991). This suggests that in the mouse, the 
7B2 gene is widely expressed but that except for the pituitary and the brain, the level of 7B2 
gene expression is low. Most likely, the same holds for X. laevis. 

As we reported in a previous study, the intermediate lobe of black-adapted X. laevis 
has higher levels of both 7B2 and POMC mRNA than that of white-adapted animals. These 
physiological differences are tissue specific because they are not found in the anterior pituitary 
(Martens et al., 1989). Transfer of a white-adapted animal to a black background results in 
a time-dependent increase in the level of POMC mRNA in the intermediate lobe (Martens 
et al., 1987). Here we confirm these results and show that also the level of 7B2 mRNA 
increases in a time-dependent way after transfer of white-adapted animals to a black 
background. The results indicate that after transfer, the increase in the level of POMC mRNA 
occurs faster than that of 7B2 mRNA. This is in line with the observation that the differences 
in steady-state levels of 7B2 and POMC mRNA between black- and white-adapted animals 
are about 8-fold and about 25-fold, respectively. It will be interesting to investigate the 
molecular mechanism underlying this difference in activity between the 7B2 and the POMC 
gene. It could be that the POMC promoter contains elements that are responsible for the very 
high level of POMC gene expression in the intermediate lobe. On the other hand, it is also 
possible that POMC mRNA contains sequences responsible for a long half-life in this tissue 
while 7B2 mRNA is less stable because it lacks such sequences. 

The effects of apomorphine, GABA and NPY on the level of POMC mRNA in the 
pituitary gland have not previously been studied in X. laevis and, in general, this is the first 
time that the effects of hypothalamic regulatory factors on the level of 7B2 mRNA have been 
studied. We show that in the intermediate lobe X. laevis each of these factors decreases the 
levels of POMC and 7B2 mRNA in a coordinated way but they have no effect in the anterior 
lobe. The inhibitory effects of apomorphine, GABA and NPY on 7B2 and POMC mRNA 
levels in the intermediate lobe of X. laevis parallel the actions of these factors on the release 
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of 7B2 and POMC-derived peptides from this lobe, since these factors also inhibit 
concomitantly 18-lcDa 7B2 and aMSH release (Chapter 5 of this thesis). 

In conclusion, in X. laevis the regulation of both 7B2 and POMC mRNA levels is 
under multifactorial and tissue-specific control. 
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General Discussion 
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GENERAL DISCUSSION 

The study desenbed in this thesis concerns the regulation of the POMC gene and the 
7B2 gene in the pituitary gland of the amphibian Xenopus laevis. The function of the POMC 
gene in the melanotrope cells of amphibians is well documented. POMC is the precursor 
molecule for aMSH which induces pigment dispersion in the skin causing darkening of the 
animal. Previous results concerning changes in the level of POMC mRNA in the pars 
intermedia of X. laevis during background adaptation showed that when a fully black-
background-adapted animal was transferred to a white background, the level of POMC mRNA 
in the pars intermedia remained high for several days. In contrast, the level of POMC mRNA 
in the pars intermedia increased relatively fast when a white-background-adapted animal was 
transferred to a black background (Martens et al., 1987). At that time it remained to be 
established whether the high level of POMC mRNA of a black animal adapting to a white 
background is due to a slow inactivation of the POMC gene or if it is a consequence of a long 
POMC mRNA half-life. In the present study this issue was addressed in Chapter 1. A time 
course analysis of the induction and de-induction of POMC gene expression was performed 
and using a steady-state kinetic model for mRNA degradation the half-life of POMC mRNA 
was calculated The results indicate that transcriptional inactivation of the POMC gene occurs 
immediately after the transfer but that the long half-life of POMC mRNA impedes a fast 
decrease in the level of POMC mRNA. During the lag penod genes coding for POMC 
mRNA-degrading enzymes may be activated or genes for stabilizing factors inactivated 
resulting in a decrease in the half-life of POMC mRNA The difference in the half-life of 
POMC mRNA is not sufficient to account for the 20- to 30-fold difference in the steady-state 
levels between the two physiological conditions. Thus, also transcriptional activation of the 
POMC gene must occur. Relative rates of POMC mRNA biosynthesis showed that in cultured 
neurointermediate lobes of white-background-adapted X. laevis there was a fast induction of 
POMC gene transcription. Furthermore, apomorphine decreased in these lobes the relative 
level of POMC mRNA biosynthesis. These results confirm that regulation of POMC gene 
expression includes a transcriptional component. 

Besides the POMC gene also the 7B2 gene shows physiologically induced changes in 
its activity that are related to background adaptation (Chapter 2). The level of 7B2 mRNA 
in the intermediate lobe of the pituitary gland of black-background-adapted X. laevis was 7-
to 8-fold higher than that of white-background-adapted animals. This difference is tissue-
specific since no significant changes in 7B2 mRNA levels were observed in the antenor lobe. 

In Chapter 3 the expression of the 7B2 gene was further charactenzed. 7B2-like 
immunoreactivity was present in the median eminence, in the neural and antenor lobes of the 
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pituitary and, particularly, in the melanotrope cells of the pars intermedia. In situ 

hybridization analysis revealed that melanotrope cells of black-background-adapted X. laevis 

have abundant 7B2 mRNA and POMC mRNA while those of white-background-adapted 

animals have only low levels of these mRNAs. These results extend the previous biochemical 

data to the cellular level and show that 7B2 and aMSH coexist within the melanotrope cells. 

It is concluded that 7B2 and aMSH have similar cellular dynamics in melanotrope cells of 

X. laevis; in fully black-background adapted animals, 7B2 is synthesized and secreted in 

coordination with POMC and in melanotropes of white-background-adapted animals there is 

almost no synthesis of these proteins but previously synthesized 7B2 is stored in coordination 

with aMSH. 

In Chapter 4 the biosynthesis of the 7B2 protein was studied. It was found that 7B2 

is synthesized as a precursor protein of 25 kDa which is subsequently processed to an 18-kDa 

product. Chemical and enzymatic peptide mapping showed that processing of Xenopus 7B2 

occurs in the carboxyl-terminal region, most likely at the Lys138 - Lys139 pair of basic amino 

acids. Immunoprecipitation analysis of newly synthesized proteins of neurointermediate lobes 

showed that the 18-kDa 7B2 peptide is secreted in a regulated way whereas the 7B2 precursor 

is not secreted. 

In Chapter 5 the regulation of 18-kDa 7B2 secretion was further investigated. Secretion 

of newly synthesized 18-kDa 7B2 from the intermediate pituitary was found to be blocked 

by dopamine, γ-aminobutyric acid (GABA) and neuropeptide Y (NPY); these secretagogues 

are established inhibitors of aMSH secretion in X. laevis. When basal secretion of 

melanotropes was reduced by treatment with dopamine or the GABAB receptor agonist 

baclofen, 8-Br-cAMP evoked a significant stimulation of 7B2 secretion. Similar observations 

have previously been made for the regulation of aMSH secretion. This fact indicates that in 

the melanotropes of X. laevis the secretion of 18-kDa 7B2 and aMSH are coregulated and 

that the second messenger cAMP plays an important role in this coregulatory mechanism. 

In Chapter 6 it was demonstrated that factors that inhibit 18-kDa 7B2 and aMSH 

secretion (dopamine, GABA and NPY) also decrease the levels of 7B2 and POMC mRNA. 

Thus, the levels of 7B2 and POMC gene expression correlate with secretory activity in 

melanotrope cells . 

The function of 7B2 is not known. The results obtained from experiments described 

in this thesis show that in the melanotrope cells of X. laevis the expression of the 7B2 and 

POMC genes is strictly coregulated. The high degree of nucleotide and amino acid sequence 

identity among human, pig, mouse, rat, salmon and Xenopus 7B2 (Martens, 1988; Brayton 

et al., 1988; Mbikay et al., 1989; Waldbieser et al., 1991; Martens et al., 1989) suggests 

a strong evolutionary conservation of this protein and, therefore, it is likely that 7B2 has an 
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important function. Computer homology searches with 7B2 cDNA and peptide sequences have 
not revealed a significant homology to any other sequence in the data bases (Martens, 1988; 
Brayton et al., 1988; Mbikay et al., 1989; Waldbieser et al., 1991; Martens et al., 1989). 
A low level of sequence similarity has been reported between 7B2 and duck proinsulin, pig 
secretin, Rous sarcoma virus transforming protein (Hsi et al., 1982), secretogranin III 
(Huttner et al., 1991), and GTP-binding domains in GTP-binding proteins (Martens, 1988 
b). It is unclear, however, whether or not these similarities are functionally relevant. 

Analysis of the primary structure reveals that 7B2 contains a signal peptide, and thus 
it will be translocated within the lumen of the rough endoplasmic reticulum. The possible 
functions of 7B2 have therefore to be sought within the secretory pathway. Alternatively, the 
processed 7B2 products may have an extracellular function. In favour of a function of 7B2 
within the cell is its widespread distribution. This characteristic of 7B2 combined with its 
acidic nature led to the classification of the 7B2 protein as a member of the granin family 
(Huttner et al., 1991). Several functions have been postulated for the 
chromogranin/secretogranin family of proteins (Huttner et al., 1991) and these might also be 
considered for 7B2. For instance, intracellularly 7B2 may be involved in the packaging or 
sorting of peptides into secretory granules. Another possible intracellular role of 7B2 is to 
affect precursor processing. There is, however, no experimental evidence yet to support any 
of the possible functions mentioned above, so an extracellular function of 7B2-derived peptides 
acting as a hormone or paracrine factor on target cells is as feasible as an intracellular 
function. It is hoped that the screening for biological activities will shed more light on the 
function of this interesting polypeptide. From the results presented in this thesis it may be 
concluded that in melanotrope cells of Xenopus laevis the expression of the POMC gene and 
the 7B2 gene are coregulated. This information provides a basis for future research aimed 
at elucidating the function of 7B2. 



References 73 

REFERENCES 

Autelitano D.J., Lundblad J.R., Blum M., Roberts J.L. (1989) Hormonal regulation of 
POMC gene expression. Annu. Rev. Physiol., 51: 715-726. 

Atwater J.Α., Wisdom R., Verma I.M. (1990) Regulated mRNA stability. Annu. Rev. 
Genet., 24:519-541. 

Ayoubi T.A.Y., Duijnhoven H.L.P. van, Ven W.J.M, van de, Jenks B.C., Roubos E.W., 
Martens G.J.M. (1990) The neuroendocrine polypeptide 7B2 is a precursor protein. 
J. Biol. Chem., 265: 15644-15647. 

Ayoubi T.A.Y., Duijnhoven H.L.P. van, Coenen A.J.M., Jenks B.G., Roubos E.W., 
Martens G.J.M. (1991 a) Coordinated expression of 7B2 and aMSH in the 
melanotrope cells oiXenopus laevis. Cell Tiss. Res., 264: 329-334. 

Ayoubi T.A.Y., Kleijn D.P.V. de, Jenks B.G., Roubos E.W., Martens G.J.M. (1991 b) A 
method for the analysis of newly synthesized tritiated mRNA. Nucl. Acids Res., 13: 
3751. 

Bagnara J.T., Hadley M.E. (eds) (1973) Chromatophores and color changes: the comparative 
physiology of animal pigmentation. Prentice Hall, Englewood Cliff, New Jersey. 

Berger C.N. (1986) In situ hybridization of immunoglobulin-specific RNA in single cells of 
the В lymphocyte lineage with radiolabeled DNA probes. EMBO J., 5: 85-93. 

Bonner W.M., Laskey R.A. (1974) A film detection method for tritium-labelled proteins and 
nucleic acids in Polyacrylamide gels. Eur. J. Biochem., 46: 83-88. 

Bourne H.R. (1988) Do GTPases direct membrane traffic in secretion? Cell., 53: 669-671. 

Brayton K.A., Aimi J., Qiu H., Yazdanparast R., Gatei M.A., Polak J.M., Bloom S.R., 
Dixon J.E. (1988) Cloning, characterization, and sequence of a porcine cDNA 
encoding a secreted neural and endocrine protein. DNA., 7: 713-719. 

Cathala G., Savouret J.F., Méndez В., West B.L., Karin M., Martial J.A., Baxter J.D. 
(1983) A method for isolation of intact, translationally active ribonucleic acid. DNA., 
2: 329-335. 

Chang Α.С.Y., Cochet M., Cohen S.N. (1980) Structural organization of human genomic 
DNA encoding the pro-opiomelanocortin peptide. Proc. Natl. Acad. Sci. USA., 77: 
4890-4894. 



74 References 

Chodosh L.A., Fire Α., Samuels M., Sharp P.A. (1989) 5,6,-Dichloro-l-j3-D-
ribofuranosylbenzidimidazole inhibits transcription elongation by RNA polymerase II 
in vitro. J. Biol. Chem., 264: 2250-2257. 

Chomczynski P., Sacchi N. (1987) Single-step method of RNA isolation by acid guanidinium 
thiocyanate-phenol-chlorform extraction. Anal. Biochem. 162: 156-159. 

Dawson D.C., Ralph C.L. (1971) Neural control of the amphibian pars intermedia; electrical 
response evoked by illumination of the lateral eyes. Gen. Comp. Endocrinol. 16: 611-
618. 

Deng J.Y., Chan J.S.D., Seidah N.G., Chrétien M. (1986) Specific release of a novel 
pituitary polypeptide, 7B2, from rat anterior pituitary cells in vitro by luteinizing 
hormone-releasing hormone. Neuroendocrinology, 44: 373-377. 

Douglass J., Civelli O., Herbert E. (1984) Polyprotein gene expression: generation of 
diversity of neuroendocrine peptides. Annu. Rev. Biochem. 53, 665-715. 

Drouin J., Goodman H.M. (1980) Most of the coding region of rat ACTH//3-LPH precursor 
gene lacks intervening sequences. Nature (London), 288: 610-613. 

DuijnhovenH.L.P. van, AyoubiT.A.Y.,TimmerE.DJ., Braks A.A.M., Roebroek A.J.M., 
Martens G.J.M., Ven W.J.M, van de (1989) Development of a monoclonal antibody 
against recombinant neuroendocrine 7B2 protein. FEBS Lett., 255: 372-376. 

Eberwine J.H., Jonassen J.Α., EvingerM.J.Q., Roberts J.L. (1987) Complex transcriptional 
regulation by glucocorticoids and corticotropin-releasing hormone of 
proopiomelanocortin gene expression in rat pituitary cultures. DNA., 6: 483-492. 

Eiper B.A., Mains R.E. (1980) Structure and function of proadrenocorticotropin/endorphin 
and related peptides. Endocr. Rev., 1: 1-27. 

Etkin W. (1962) Hypothalamic inhibition of pars intermedia activity in the frog. Gen. Comp. 
Endocrinol., 1: 148-159. 

Falgueyret J.P., Marcinkiewicz M., Benjannet S., Cantin M., Seidah N.G., Chrétien M. 
(1987) Immunocytochemical localization of a novel pituitary polypeptide "7B2" in the 
gastro-intestinal tract of the rat. Cell Tiss. Res., 249: 707-709. 

Farin C.-J., Nikolai K., Hollt V. (1990) Mechanisms involved in the transcriptional activation 
of proenkephalin gene expression in bovine chromaffine cells. J. Biol. Chem., 265: 
19116-19121. 



References 75 

Hargrove J.L., Schmidt F.H. (1989) The role of mRNA and protein stability in gene 
expression. FASEB J., 3: 2360-2370. 

Hilario E., Lihrmann I., Vaudry H. (1990) Characterization of the cDNA encoding 
proopiomelanocortin in the frog Rana ridibunda. Biochem. Biophys. Res. Commun., 
173: 653-659. 

Hsi K.L., Seidah N.G., De Serres G., Chrétien M. (1982) Isolation and NH2-terminal 
sequence of a novel porcine pituitary polypeptide. FEBS Lett., 147: 261-266. 

HuttnerW.B., GerdesH.H., RosaP. ( 1991) The granin (chromogranin/secretogranin) family. 
Trends Biochem. Sci., 16: 27-30. 

Iguchi H., Chan J.S.D., Seidah N.G., Chrétien M. (1984) Tissue distribution and molecular 
forms of a novel pituitary protein in the rat. Neuroendocrinology, 39: 453-458. 

Iguchi H., Chan J.S.D., Dennis M., Seidah N.G., Chrétien M. (1985) Regional distribution 
of a novel pituitary protein (7B2) in the rat brain. Brain Res., 338: 91-96. 

Iguchi H., Chan J.S.D., Seidah N.G., Chrétien M. (1987 a) Evidence for a novel pituitary 
protein (7B2) in human brain, cerebrospinal fluid and plasma: brain concentrations 
in controls and patients with Alzheimer's disease. Peptides, 8: 593-598. 

Iguchi H., Natori S., Nawata H., Kato К., Ibayashi H., Chan J.S.D., Seidah N.G., Chrétien 
M. (1987 b) Presence of the novel pituitary protein "7B2" in bovine chromaffin 
granules: possible co-release of 7B2 and catecholamine as induced by nicotine. J. 
Neurochem., 49: 1810-1814. 

Jacobsson Α., Cannon В., Nedergaard J. (1987 c) Physiological activation of brown adipose 
tissue destabilizes thermogenin mRNA. FEBS Lett., 224: 353-356. 

Jenks B.G., Overbeeke A.P. van, McStay B.F. (1977) Synthesis, storage and release of MSH 
in the pars intermedia of the pituitary gland of Xenopus laevis during background 
adaptation. Can. J. Zool., 55: 922-927. 

Jenks B.G., Verburg-van Kemenade B.M.L., Martens G.J.M. (1988) Proopiomelanocortin 
in the amphibian pars intermedia: a neuroendocrine model system. In: Hadley ME 
(ed), The melanotropic peptides (vol. I), CRC Press, Boca Raton, Florida. 

Jenks B.G., Zoest I.D. van (1990) Melanotrope function in the neuroendocrine regulation 
of dermal melanophores. In: Hanke, W (ed) Fortschritte der Zoologie, Vol. 38, 
Biology and Physiology of Amphibians. Gustav Fischer, Stuttgart, New York, pp 219-
228. 



76 References 

Jenks B.G., Zoest I.D. van, Koning H.P. de, Leenders H.J., Roubos E.W. (1991) The CRF-
related peptide sauvagine stimulates and the GABAB receptor agonist baclofen inhibits 
cyclic AMP production in melanotrope cells ofXenopus laevis. Life Sci., 48: 1633-
1637. 

Koning H.P. de, Jenks B.G., Scheenen W.J.J.M., Rijk, E.P.C.T. de, Caris T.J.M., Roubos 
E.W. (1991) Indirect action of elevated potassium and neuropeptide Y on aMSH 
secretion from the pars intermedia ofXenopus laevis: a biochemical and morphological 
study. Neuroendocrinology, 54: 68-76. 

Laemmli U.K. (1970) Cleavage of structural proteins during the assembly of the head of 
bacteriophage T4. Nature, 227: 680-685. 

Larsson L.I., Christensen T., Dalboge H. (1988) Detection of proopiomelanocortin mRNA 
by in situ hybridization, using a biotinylated oligodeoxynucleotide probe and avidin-
alkaline phosphatase histochemistry. Histochemistry, 89: 109-116. 

Loh Y.P., Gainer H. (1977) Biosynthesis, processing and control of release of melanotropic 
peptides in the neurointermediate lobe ofXenopus laevis. J. Gen. Physsiol., 70:37-58. 

Loh Y.P., Gainer H. (1982) Processing of normal and non-glycosylated forms of toad pro
opiomelanocortin by rat intermediate (pituitary) lobe pro-opiomelanocortin converting 
enzyme activity. Life Sci., 31: 3043-3050. 

Loh Y.P., Myers В., Wong В., Parish D.C., Lang M., Goldman M.E. (1985) Regulation 
of Pro-opiomelanocortin synthesis by dopamine and cAMP in the amphibian pituitary 
intermediate lobe. J. Biol. Chem., 260: 8956-8963. 

Lundblad J.R., Roberts J.L. (1988) Regulation of proopiomelanocortin gene expression in 
pituitary. Endocr. Rev., 9: 135-158. 

Malbon C.G., Hadcock J.R., Papiejko P.J., Ros M., Wang H.Y., Watkins D.C. (1990) 
Regulation of transmembrane signalling elements: transcriptional, post-transcriptional 
and post translational controls. Biochem. Soc. Symp., 56: 155-164. 

Marcinkiewicz M., Benjannet S., Seidah N.G., Cantin M., Chrétien M. (1985) 
Immunocytochemical localization of a novel pituitary protein (7B2) within the rat brain 
and hypophysis. J. Histochem. Cytochem., 33: 1219-1226. 

Marcinkiewicz M., Benjannet S., Cantin M., Seidah N.G., Chrétien M. (1986) CNS 
distribution of a novel pituitary protein "7B2": localization in secretory and synaptic 
vesicles. Brain Res., 380: 349-356. 



References 77 

Marcinkiewicz M., Benjannet S., Seidah N.G., Cantin M., Chrétien M. (1987) The pituitary 
polypeptide "7B2" is associated with LH/FSH and TSH cells and is localized within 
secretory vesicles. Cell Tiss. Res., 250: 205-214. 

Marcinkiewicz M., Benjannet S., Falueyret J.P., Seidah N.G., Schiirch W., Verdy M., 
Cantin M., Chrétien M. (1988) Identification and localization of 7B2 protein in 
human, porcine, and rat thyroid gland and in human medullary carcinoma. 
Endocrinology, 123: 866-873. 

Maniatis T., Fritsch E.F., Sambrook J. (1989) Molecular cloning: a laboratory manual (2nd. 
ed). Cold Spring Harbor University Press, Cold Spring Harbor, New York. 

Martens G.J.M., Biermans P.P.J., Jenks B.G. Overbeeke A.P. van (1982 a) Biosynthesis 
of two structurally different pro-opiomelanocortins in the pars intermedia of the 
amphibian pituitary gland. Eur. J. Biochem., 126: 23-28. 

Martens G.J.M., Jenks B.G., Overbeeke A.P. van. (1982 b) Biosynthesis of pairs of peptides 
related to melanotropin, corticotropin and endorphin in the pars intermedia of the 
amphibian pituitary gland. Eur. J. Biochem., 122: 1-10. 

Martens G.J.M., Soeterik F., Jenks B.G., Overbeeke A.P. van (1983) In vivo biosynthesis 
of melanotropins and related peptides in the pars intermedia ofXenopus laevis. Gen. 
Comp. Endocrinol., 49: 73-80. 

Martens G.J.M., Civelli O., Herbert E., (1985) Nucleotide sequence of cloned cDNA for 
pro-opiomelanocortin in the amphibian, Xenopus laevis. J. Biol. Chem., 260: 13685-
13689. 

Martens G.J.M. (1986) Expression of two proopiomelanocortin genes in the pituitary gland 
ofXenopus laevis: complete structures of the two preprohormones. Nucl. Acids Res., 
14: 3791-3798. 

Martens G.J.M., Weterings K.A.P., Zoest I.D. van, Jenks B.G. (1987) Physiologically-
induced changes in proopiomelanocortin mRNA levels in the pituitary gland of the 
amphibian Xenopus laevis. Biochem. Biophys. Res. Commun., 143: 678-684. 

Martens G.J.M. (1988 a) The proopiomelanocortin gene in Xenopus laevis: structure, 
expression, and evolutionary aspects. In: Hadley ME (ed) The melanotropic peptides. 
CRC Press, Florida, vol 1: pp 67-83. 

Martens G.J.M. (1988 b) Cloning and sequence analysis of human pituitary cDNA encoding 
the novel polypeptide 7B2. FEBS Lett., 234: 160-164. 



78 References 

Martens G.J.M., Bussemakers M.J.G., Ayoubi T.A.Y., Jenks B.G. (1989) The novel 
pituitary polypeptide 7B2 is a highly-conserved protein coexpressed with 
proopiomelanocortin. Eur. J. Biochem. 181: 75-79. 

Marzluff W.F. (1978) Transcription of RNA in isolated nuclei. Meth. Cell Biology, 19: 317-
331. 

Mbikay M., Grant S.G.N., Sirois F., Tadros H., Skowronski J., Lazure C , Seidah N.G., 
Hanahan D., Chrétien M. (1989) cDNA sequence of neuroendocrine 7B2 expressed 
in beta cell tumors of transgenic mice. Int. J. Peptide Protein Res., 33: 39-45. 

Mbikay M., Benjannet S., Gianoulakis C , Seidah N.G., Chrétien M. (1991) The messenger 
RNA for pituitary protein 7B2 is widely expressed in mouse CNS and castration 
reduces its pituitary level. Neurochem. Int., 19: 103-111. 

Meggio F., Shugar D., Pinna L.A. (1990) Ribofuranosyl-benzidimidazole derivatives as 
inhibitors of casein kinase-2 and casein kinase-1. Eur. J. Biochem., 187: 89-94. 

Montecucchi P.C., Henschen A. (1981) Amino acid composition and sequence analysis of 
sauvagine, a new active peptide from the skin of Phyllomedusa sauvagei. Int. J. 
Protein Res. 18: 113-120. 

Nakanishi S., Inoue Α., Kita T., Nakamura M., Chang А.С.Y., Cohen S.N., Numa S. 
(1979) Nucleotide sequence of cloned cDNA for bovine corticotropin-/3-lipotropin 
precursor. Nature (London),278: 423-426. 

Pless D.D., Lennarz W.J. (1977) Enzymatic conversion of proteins to glycoproteins. Proc. 
Natl. Acad. Sci. USA., 74: 134-138. 

Proudfoot N.J., Brownlee G.G. (1976) 3' Non-coding region sequences in eukaryotic 
messenger RNA. Nature (London), 263: 211-214. 

Rijk E.P.C.T. de, Jenks B.G., Wendelaar Bonga S.E. (1990) Morphology of the pars 
intermedia and the melanophore-stimulating cells in Xenopus laevis in relation to 
background adaptation. Gen. Comp. Endocrinol., 79: 74-82. 

Rijk, E.P.C.T. de, Cruijsen P.M.J.M., Jenks B.G., Roubos E.W. (1991) [125I]Bolton-Hunter 
neuropeptide Y binding sites on folliculo-stellate cells of the pars intermedia of 
Xenopus laevis: a combined autoradiographic and immunocytochemical study. 
Endocrinology, 128: 735-740. 

Rodgers J.R., Johnson M.L., Rosen J.M. (1985) Measurement of mRNA concentration and 
mRNA half-life as a function of hormonal treatment. Meth. Enzymol., 109: 572-580. 



References 79 

Sanger F., Nicklen S., Coulson A.R. (1977) DNA sequencing with chain terminating 
inhibitors. Proc. Natl. Acad. Sci. USA., 74: 5463-5467. 

Sawadogo M., Sentenac A. (1990) RNA polymerase В (II) and general transcription factors. 
Annu. Rev. Biochem. 59: 711-754. 

Seidah N.G., Hsi K.L., De Serres G., Rochemont J., Hamelin J., Antakly T., Cantin M., 
Chrétien M. (1983) Isolation and NH2-terminal sequence of a highly conserved human 
and porcine pituitary protein, belonging to a new superfamily. Arch. Biochem. 
Biophys., 255: 525-534 

Shively J.E. (1986) Methods of protein microcharactenzation. Human Press, Clifton, New 
Jersey, p. 117. 

Smith A.I., Funder J.W. (1988) Proopiomelanocortin processing in the pituitary, central 
nervous system, and peripheral tissues. Endocr. Rev., 9: 159-179. 

Steel J.H., Noorden S. van, Ballesta J., Gibson S.J., Ghatei M.A., Burrin J., Leonhardt U., 
Domin J., Bloom SR., Polak J.M. (1988) Localization of 7B2, neuromedin B, and 
neuromedin U in specific cell types of rat, mouse, and human pituitary, in rat 
hypothalamus, and in 30 human pituitary and extrapituitary tumors. Endocrinology, 
122: 270-282. 

Sternberger L.A. (ed) (1974) Immunocytochemistry. Wiley, New York 

Stevens Α., Maupin Μ.Α. (1989) 5,6-Dichloro-l-/3-D-ribofuranosylbenzidimidazoleinhibits 
a HeLa protein kinase that phosphorylates an RNA polymerase II-derived peptide. 
Biochem. Biophys. Res. Commun., 159: 508-515. 

Suzuki H., Christofides N.D., Anand P., Chrétien M., Seidah N.G., Polak J.M., Bloom S.R. 
(1985) Regional distribution of a novel pituitary protein (7B2) in rat spinal cord: effect 
of neonatal capsaicin treatment and thoracic cord transection. Neurosci. Lett., 55: 151-
156. 

Suzuki H., Tischler A.S., Christofides N.D., Chrétien M., Polak J.M., Bloom S.R. (1986) 
A novel pituitary protein (7B2)-like immunoreactivity is secreted by a rat 
phaeochromocytoma cell line (PC 12). J. Endocrinol., 108: 151-155. 

Suzuki H., Christofides N.D., Chrétien M., Seidah N.G., Polak J.M., Bloom S.R. (1987) 
Developmental changes in immunoreactive content of novel pituitary protein 7B2 in 
human pancreas and its identification in pancreatic tumors. Diabetes, 36: 1276-1279. 

Suzuki H., Christofides N.D., Ghiglione M., Ferri G.L., Chrétien M., Polak J.M., Bloom 



80 References 

S.R. (1988) Distribution of a novel pituitary protein (7B2) in mammalian 
gastrointestinal tract and pancreas. Digest. Dis. Sci., 33: 718-723. 

Swank R.T. Munkres K.D. (1971) Molecular weight analysis of oligopeptides by 
electrophoresis in Polyacrylamide gel with sodium dodecyl sulfate. Anal. Biochem. 
39: 462-477. 

Thomas P.S. (1980) Hybridization of denatured RNA and small DNA fragments transferred 
to nitrocellulose. Proc. Natl. Acad. Sci. USA., 77: 5201-5205. 

Tkacs J.S., Lampen J.O. (1975) Tunicamycin inhibition of polyisoprenyl N-acetyl 
glucosaminyl pyrophosphate formation in calf-liver microsomes. Biochem. Biophys. 
Res. Commun., 65: 248-257. 

Tsuchiya T., Suzuki Y., Suzuki H., Ohtake R., Shimoda S.I. (1990) Changes in adrenal 
neuropeptides content [peptide 7B2, neuropeptide Y (NPY) and vasoactive intestinal 
polypeptide (VIP)) induced by pharmacological and hormonal manipulations. J. 
Endocrinol. Invest., 13: 381-389. 

Uhler M., Herbert E. (1983) Complete amino acid sequence of mouse pro-opiomelanocortin 
derived from the nucleotide sequence of pro-opiomelanocortin cDNA, J. Biol. Chem., 
258: 257-261. 

Venetikou M.S., LacoumentaS., GhateiM.A., Burrin J.M., Bloom S.R. (1990) Comparative 
studies on the release of vasopressin and 7B2 from isolated hypothalami. Regul. 
Peptides, 29: 163-172. 

Verburg-van Kemenade B.M.L., Jenks B.C., Driessen A.G.J. (1986a). GABA and dopamine 
act directly on melanotropes ofXenopus to inhibit MSH secretion. Brain Res. Bull., 
17: 697-704. 

Verburg-van Kemenade B.M.L., Jenks B.G., Overbeeke A.P. van (1986 b) Regulation of 
melanotropin release from the pars intermedia of the amphibian Xenopiis laevis: 
Evaluation of the involvement of serotonergic, cholonergic, or adrenergic receptor 
mechanisms. Gen. Comp. Endocrinol., 63: 471-480. 

Verburg-van Kemenade B.M.L., Tappaz M., Paul L. Jenks B.G. (1986 c). GABA-ergic 
regulation of MSH secretion from the pars intermedia of Xenopus laevis: 
immunocytochemical and physiological evidence. Endocrinology, 118: 260-267. 

Verburg-van Kemenade B.M.L., Tonon M.C., Jenks B.G., Vaudry H. (1986 d) 
Characteristics of receptors for dopamine in the pars intermedia of the amphibian 
Xenopus laevis. Neuroendocrinology, 44: 446-456. 



References 81 

Verburg-van Kemenade B.M.L., Jenks B.G., Cruijsen P.M.J.M., Dings Α., Tonon M.C., 
Vaudry H. (1987 a) Regulation of MSH release from the neurointermediate lobe of 
Xenopus laevis by CRF-like peptides. Peptides, 8: 1093-1100. 

Verburg-van Kemenade B.M.L., Jenks B.G., Danger J.-M., Vaudry H., Pelletier G., Saint-
Pierre S. (1987 b) An NPY-like peptide may function as MSH-release inhibiting factor 
in Xenopus laevis. Peptides, 8: 61-67. 

Verburg-van Kemenade B.M.L., Jenks B.G.,Houben A.J.H.M. (1987 c) Regulation of cyclic 
AMP synthesis in amphibian melanotrope cells through catecholamine and GABA 
receptors. Life Sci., 40: 1859-1867. 

Verburg-van Kemenade B.M.L., Jenks B.G., Lenssen F.J.Α., Vaudry H. (1987 d) 
Characterization of gamma-aminobutyric acid receptors in the neurointermediate lobe 
of the amphibian Xenopus laevis. Endocrinology, 120: 622-628. 

Verburg-van Kemenade B.M.L., Jenks B.G., Visser T.J., Tonon M.C. Vaudry H. (1987 e) 
Assessment of TRH as a potential MSH-release stimulating factor in Xenopus laevis. 
Peptides, 8: 69-76. 

Waldbieser G.C., Aimi J., Dixon J.E. (1991) Cloning and characterization of the rat 
complementary deoxyribonucleic acid and gene encoding the neuroendocrine peptide 
7B2. Endocrinology, 128: 3228-3236. 

White B.A., Bancroft F.C. (1982) Cytoplasmic dot hybridization. J. Biol. Chem., 257: 8569-
8572. 

Wilbur W.J., Lipman D.J. (1983) Rapid similarity searches of nucleic acid and protein data 
banks. Proc. Natl. Acad. Sci. USA., 80: 726-738. 

Zandomeni R., Bunick D., Ackerman S., Mittleman В., Weinmann R. (1983) Mechanisms 
of action of DRB. J. Mol. Biol., 167: 561-574. 

Zandomeni R., Zandomeni M.C, Shugar D., Weinmann R. (1986) Casein kinase type II is 
involved in the inhibition by 5,6-dichloro-l-/3-D-ribofuranosylbenzidimidazole of 
specific RNA polymerase II transcription. J. Biol. Chem., 261: 3414-3419. 

Zoest I.D. van, Heijmen P.S., Cruijsen P.M.J.M., Jenks B.G. (1989) Dynamics of 
background adaptation in Xenopus laevis: role of catecholamines and melanophore-
stimulating hormone. Gen. Comp. Endocrinol. 76: 19-28. 





83 

SAMENVATTING 

Regulatie van proopiomelanocortine- en 7B2 genexpressie in de hypofyse van Xenopus laevis 

De Zuidafrikaanse klauwpad Xenopus laevis is in staat om zijn huidskleur aan te passen 

aan de kleur van zijn omgeving. Op een lichte achtergrond is het dier wit en op een donkere 

achtergrond is het dier zwart. Dit proces van achtergrond adaptatie is een voorbeeld van een 

neuroendocriene reflex. De mate van lichtreflectie van de achtergrond wordt door het dier 

waargenomen via de retina. De betreffende informatie wordt door de hersenen verwerkt en 

dit leidt uiteindelijk tot afgifte van aMSH door de pars intermedia van de hypofyse. Dit 

hormoon stimuleert dispersie van pigment in speciale huidcellen, de chromatoforen, waardoor 

het dier donker kleurt. 

aMSH wordt gevormd in de melanotrope cellen van de pars intermedia door 

proteolytische splitsing van het precursor eiwit proopiomelanocortine (POMC). Behalve 

aMSH worden ook andere peptiden van POMC afgesplitst, waaronder β- en γΜ8Η, 

corticotropin-like intermediate lobe peptide en j3-endorfine. Al deze peptiden worden door 

de melanotrope cellen afgegeven. 

De melanotrope cellen zijn zeer actief wanneer het dier zich op een zwarte achtergrond 

bevindt en inactief in dieren op een witte achtergrond. Melanotrope cellen van zwarte dieren 

brengen het POMC gen hoog tot expressie. Dit uit zich in een overvloedige hoeveelheid 

messenger RNA voor POMC (POMC mRNA), een sterke synthese van POMC en aMSH, 

en een grote afgifte van aMSH aan het bloed. Om al deze processen goed te laten verlopen, 

moet zo'n actieve melanotrope cel nog vele andere genen sterk tot expressie brengen. 

Voorbeelden hiervan zijn genen die coderen voor eiwitten die betrokken zijn bij de aanmaak 

en afgifte van aMSH. Eén van de genen die samen met het POMC gen geactiveerd wordt 
in melanotrope cellen van zwarte padden en geïnactiveerd wordt in die van witte padden is 
het gen dat codeert voor het 7B2 eiwit. Dit eiwit, waarvan de functie nog niet is opgehelderd, 
komt algemeen voor in secretiegranula van neurale en neuroendocriene cellen. 

In dit proefschrift wordt onderzoek beschreven naar de regulatie van de expressie van 
het POMC- en het 7B2 gen in de hypofyse van Xenopus laevis in relatie tot het fysiologische 
proces van achtergrond adaptatie. 

In Hoofdstuk 1 wordt onderzoek beschreven naar de mechanismen die verantwoordelijk 
zijn voor de verhoogde POMC genexpressie in melanotrope cellen van zwarte padden. De 
resultaten laten zien dat op een zwarte achtergrond de transcriptie van het POMC gen en de 
stabiliteit van het POMC mRNA zijn toegenomen. 
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In Hoofdstuk 2 wordt aangetoond dat de expressie van het 7B2 gen verandert onder 
invloed van de kleur van de achtergrond. Het niveau van 7B2 mRNA in de pars intermedia 
van zwarte dieren blijkt 7 á 8 maal hoger te zijn dan in witte dieren. Dit verschil is 
weefselspecifiek, want in de POMC cellen in de pars distalis van de hypofyse vertoont het 
7B2 mRNA geen afhankelijkheid van de kleur van de achtergrond. 

In hoofdstuk 3 is de expressie van het 7B2 gen bestudeerd op cellulair niveau. 7B2 
immunoreactiviteit is aangetoond in de eminentia mediana, in de pars nervosa en in de pars 
distalis van de hypofyse en in het bijzonder in de melanotrope cellen van de pars intermedia. 
Met in situ hybridisatie is vervolgens aangetoond dat de melanotrope cellen van zwarte padden 
veel 7B2- en POMC mRNA bevatten terwijl in die van witte dieren weinig van deze mRNA's 
aanwezig zijn. Deze resultaten tonen aan dat 7B2 en aMSH samen voorkomen in de 
melanotrope cel. Er wordt geconcludeerd dat melanotrope cellen van zwarte dieren 7B2 en 
aMSH op gecoördineerde wijze aanmaken en afgegeven. In melanotrope cellen van witte 
padden is er weinig synthese en afgifte maar (eerder) aangemaakte 7B2 en aMSH moleculen 
worden gecoördineerd opgeslagen. 

In hoofdstuk 4 is de biosynthese van het 7B2 eiwit bestudeerd. 7B2 blijkt 
gesynthetiseerd te worden als een precursor molecuul van 25 kDa dat vervolgens gesplitst 
wordt tot een 18 kDa produkt. Chemische en enzymatische "peptide mapping" studies tonen 
aan dat de splitsing van het 7B2 plaats vindt in het carboxyl terminale stuk van het precursor 
eiwit. Immunoprecipitatie studies van nieuw aangemaakte radioactieve eiwitten van de pars 
intermedia laten zien dat het 18 kDa peptide afgegeven wordt op een gereguleerde manier. 

In Hoofdstuk 5 is de regulatie van de afgifte van het 18 kDa 7B2 verder onderzocht. 
Dopamine, 7-aminobutyric acid (GABA), en neuropeptide Y (NPY) blijken de afgifte van 
dit peptide te remmen. Van deze neuronale boodschappers was al eerder bekend dat ze de 
afgifte van aMSH remmen. 8-Br-cAMP is in staat om de afgifte van 18 kDa 7B2 te 
stimuleren indien de basale 7B2 afgifte van melanotrope cellen wordt geremd door dopamine 
of baclofen (een GABAB receptor agonist). Dergelijke resultaten werden al eerder verkregen 
voor de regulatie van de afgifte van aMSH. Daarom is er geconcludeerd dat de afgifte van 
het 18 kDa 7B2 peptide en de afgifte van aMSH gecoreguleerd worden en dat de "tweede 
boodschapper" cAMP bij deze regulatie een belangrijke intracellulaire rol speelt. 

In hoofdstuk 6 is aangetoond dat factoren die de afgifte van 7B2 en aMSH remmen 
(dopamine, GABA en NPY) ook de niveau's van 7B2- en POMC mRNA verlagen. 

De functie van 7B2 is niet bekend. De resultaten die in dit proefschrift zijn beschreven 
tonen aan dat in de melanotrope cel van X. laevis de genen die coderen voor 7B2 en POMC 
gecoördineerd tot expressie komen. De aminozuur sequenties van het 7B2 eiwit van mens, 
varken, rat, muis, zalm en X. laevis zijn in hoge mate identiek. Dit laat zien dat dit eiwit sterk 
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geconserveerd is tijdens de evolutie en derhalve zal 7B2 een belangrijke functie hebben. Er 
is geen duidelijke homologie gevonden tussen 7B2 en enig ander eiwit. Er is wel gelijkenis 
(zij het klein) gevonden tussen enerzijds 7B2 en anderzijds proinsuline, secretine, Rous 
sarcoma virus transforming protein, secretogranin III, en het GTP bindend domein van GTP 
bindende eiwitten. Het is niet duidelijk of deze gelijkenis functionele betekenis heeft. 

Een analyse van de primaire structuur van 7B2 laat zien dat dit eiwit een signaal 
peptide heeft. Dit betekent dat 7B2 in het endoplasmatisch reticulum terecht komt en zijn 
functie zal daarom binnen het secretie proces liggen. Binnen de cel zou 7B2 betrokken kunnen 
zijn bij het sorteren van eiwitten naar de secretie granula. 7B2 zou binnen de cel ook een 
functie kunnen hebben in het proces van precursor processing. Er zijn nog geen aanwijzingen 
afkomstig van experimenteel onderzoek die een functie voor 7B2 binnen de cel ondersteunen, 
en daarom is een extracellulaire functie voor 7B2 net zo goed mogelijk. Het is te hopen dat 
het zoeken naar biologische activiteiten meer duidelijkheid zal geven over de functie(s) van 
dit interessant eiwit. Uit de resultaten beschreven in dit proefschrift kan inmiddels 
geconcludeerd worden dat in de melanotrope cellen van Xenopus laevis het POMC gen en 
het 7B2 gen gecoördineerd tot expressie komen. Deze informatie verschaft een basis voor 
verder onderzoek naar de functie van het 7B2 eiwit. 
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