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The British Connection

From the Xenopus history in the “Developmental Biology in
Britain” issue of this journal (Gurdon and Hopwood, 2000), we
learned that Xenopus is a child of the British Empire, its introduction
into the laboratory and much of the early work on Xenopus
development having been achieved in Britain. I do not intend to
contest this claim or to redraw the early history of Xenopus that has
been amply reviewed in that article. I simply try to add another
episode to the Xenopus tale; namely the abduction and exploitation
of this British child in a foreign country, on this occasion Switzer-
land.

Among the scientists conducting early Xenopus studies in
Britain were two exiled Swiss researchers, Michail Fischberg and
Max Birnstiel. Fischberg studied zoology in the institute of Ernst
Hadorn in Zurich accomplishing his Ph.D. thesis on heteroploidy in
Triturus. After successive moves to Basel and Edinburgh, he
eventually became a lecturer at Oxford, where he stayed from 1951
through 1961 (Gloor and Gurdon, 1989; Gurdon and Hopwood,
2000). The generation of adult Xenopus from transplanted somatic
cell nuclei (Gurdon et al., 1958) and the discovery of the anucleolate
(O-nu) mutant (Elsdale et al., 1958) were the leading features of
this lab that, last but not least, also produced a number of renowned
British scientists.

Max Birnstiel, a Zurich-grown botanist interested in plant cell
nuclei and nucleoli and student of Albert Frey-Wyssling, acquired

novel techniques, in particular hybridisation of nucleic acids, during
his post-doc stay in Pasadena, USA. At Edinburgh he met Hugh
Wallace who had brought along a small colony of O-nu mutants
from Fischberg’s Oxford lab (Gurdon and Hopwood, 2000). They
decided to study the nucleolar organiser. During this enterprise
they could show that the O-nu mutant lacks ribosomal genes and
could identify the nucleolar organiser as rDNA locus (Wallace and
Birnstiel, 1966; Birnstiel et al., 1966). What’s more, by running CsCl
gradients in an analytical Model E centrifuge, they isolated the first
eukaryotic genes, the Xenopus genes coding for ribosomal RNA
(Birnstiel, 1967; Birnstiel et al., 1968).

The Swiss Origin

Although the two Swiss mercenaries eventually left Britain for
home, each with a flock of English or Scottish post-docs, and their
trunks full of whiskey and Xenopus, this was not the first implanta-
tion of Xenopus into a Swiss laboratory. Oddly enough, neither was
it the laboratory of Ernst Hadorn in Zurich who introduced Xenopus
to Swiss research. Hadorn initially worked on developmental
aspects in Triturus but soon abandoned this topic and entirely
focused on Drosophila (Weber, 1994).

As far as I know, the first Swiss Xenopus colony dwelled already
in the early forties in the laboratory of Paul Gasche at the CIBA
pharmaceutical company in Basel. Gasche’s lab was involved in
optimising pregnancy testing and to this end raised Xenopus in the
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laboratory (Gasche, 1943). It was from his lab that the first colony
reached a Swiss university. The group of Fritz Lehmann in Bern
decided to study tail regeneration in Xenopus tadpoles and, around
1950, fetched a few individuals from Gasche’s colony. Rudolf
Weber, a research associate in the lab, extended the initially
planned studies on biochemical changes in the regenerating
tadpole tail to the metamorphosing tail, allowing the role of cathe-
psins to be studied during growth as well as resorption. This lucky
decision, taken to Lehmann’s dismay, ineluctably led to investiga-
tions on hormone changes, hormone receptors and finally, hor-
mone-mediated activation of target genes.

The arrival, in 1961, of Michail Fischberg and his English
collaborators at Geneva considerably reinforced Swiss Xenopus
developmental biology. The Station de Zoologie expérimentale, a
research institute of the University of Geneva built with the help of
the Rockefeller Foundation, became equipped with vast facilities
for raising and maintaining the several species and subspecies of
the Xenopus collection brought along from Oxford (listed in Balls,
1965). Initially, the main research carried out in Geneva was a
continuation of work initiated at Oxford and was devoted to nuclear
and germ cell transplantation. Ongoing studies on a putative
lymphoid tumour eventually gave rise to the study of Xenopus
immunology. On the other hand, Fischberg’s traditional interest in
polyploidy led to the study of DNA content and karyotypes of
various Xenopus species and finally to the discovery of Xenopus
speciation by allopolyploidy. This work greatly profited from the
concourse of Hansrudolf Kobel from the nearby Genetics unit.

In 1971, Xenopus research at the Station de Zoologie
expérimentale was reinforced by the arrival of Marco Crippa
directing the new Molecular Embryology unit, working on molecu-
lar aspects of transcription.

Max Birnstiel, accompanied by his Scottish guard, moved to
Zurich in the Fall of 1972 as director of the newly founded Molecular
Biology unit II, second only by chronological numbering to Molecu-
lar Biology I run by Charles Weissmann. Introducing molecular
biology to the University of Zurich was an initiative Ernst Hadorn
took shortly before his retirement. The high-class barracks provi-
sionally occupied at the veterinary clinic at Irchel (nowadays the
main university campus) soon hummed with the sound of spinning
centrifuges producing ever cleaner fractions of - sea urchin -
histone genes. However, Xenopus remained the main research
object of the Birnstiel lab. In addition to the genes coding for
ribosomal 18S and 28S RNA, also those coding for 5S rRNA and
tRNA were isolated and cloned in the mid seventies. Indeed, these
sea urchin and frog genes were amongst the first eukaryotic genes
to be cloned. To analyse the functioning of these various genes, the
lab resolutely turned to the study of gene structure-function rela-
tionships. Injection of DNA into the Xenopus oocyte became a
standard technique of this ‘surrogate genetics’ approach.

Disciples and Newcomers

None of the early Xenopus laboratory heads is active any longer
in Switzerland. The first to leave, rather precipitously, was Crippa
in 1984. In 1986, Birnstiel chose to move to Vienna where he
founded the Institute of Molecular Pathology with cancer research
interests. His ex-institute in Zurich was taken over by Walter
Schaffner who only occasionally works with Xenopus. When
Fischberg died in 1988 the pending projects were abandoned. His

chair was attributed to the newly founded Department of Cell
Biology and was occupied by Didier Picard, a former student in the
‘no-toads’ wing of the Birnstiel lab. Weber retired in 1988 and his
successor, Daniel Schümperli, a former research associate in the
Birnstiel group, just uses the Xenopus oocyte system for functional
testing.

However, several of the post-docs and research associates of
the early Xenopus labs remained faithful to Xenopus at least for a
while after taking over their own groups abroad or in Switzerland.
Several former members of the  labs, if they had got in touch with
Xenopus at all, sooner or later turned to different model systems.
Among them we find some rather illustrious people and it would
seem that reasonable work could be done with organisms other
than Xenopus. On the other side, numerous new research groups
transitorily or permanently joined the Swiss Xenopus clan.

Though two of the early Xenopus labs initially investigated
mechanisms of development, they both left the purely embryologi-
cal field. Weber’s group very soon addressed molecular aspects of
gene regulation but kept doing so on developmentally relevant
genes. Fischberg’s group gradually focused on topics as diverse
as immunology, speciation and evolution. The Birnstiel and Crippa
labs concentrated from the beginning on molecular aspects of
transcription, mainly of housekeeping genes of which several
happened to be isolated from Xenopus but had little bearing on its
development. Nothing much has changed over the years. Swiss
Xenopus was to remain a heavily exploited ‘au pair girl’ employed
if, and as long as it seemed suitable. At present, many groups
exclusively maintain Xenopus to exploit the oocyte system for
functional studies of expressed proteins, a topic so remote from
‘genuine’ Xenopus research as not to be mentioned at the ‘Interna-
tional Xenopus Conference’.

However, it is often claimed that developmental biology em-
braces all disciplines of biological sciences. In the hope that this
broad view is shared by the readers of The International Journal of
Developmental Biology, I am going to review the full array of the 50
years of Xenopus research in Switzerland, or at least try to do so.
The limited space does not allow this review to be extended to
related work done outside our country, but this by no means reflects
an underestimation of our foreign friends and competitors.

Xenopus Studies

Development
The question of whether nuclei of embryonic and adult cells

remain capable of directing normal development, a heritage of
Fischberg’s Oxford time (Fischberg et al., 1958; Gurdon et al.,
1958), remained the domain of John Gurdon’s group at Oxford, but
was not completely abandoned by the Geneva lab either. The
intriguing question of whether malformations observed upon nuclear
transfer and their ‘clonal’ occurrence in serial transplantation
reflected systematic somatic mutations, or simply were a conse-
quence of manipulation, or of incomplete replication of the donor
nucleus, was the object of several studies (Fischberg and Blackler,
1963a,b). The production of viable frogs by transplanting nuclei
from visibly differentiated cells (Gurdon and Uehlinger, 1966; Brun
and Kobel, 1972; Kobel et al., 1973; Wabl et al., 1975) shifted the
question to whether such cloned individuals were indeed fully
fertile. This topic is still sometimes discussed by elderly biologists
at the hotel bar.
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Bern in search of a suitable model system to monitor biochemical
changes in the regenerating tadpole tail. However, the first publica-
tions to appear dealt with the ultrastructure of Xenopus liver and its
mitochondria (Weber, 1952, 1954). Studies on enzyme activities in
the regenerating tail, initially cathepsin (Jensen et al., 1956; Weber,
1957), were completed by characterising changes in several other
enzymes and also during metamorphosis. The lab then tried to
induce metamorphic changes in isolated tails in vitro (Weber, 1962).
This model system allowed for extensive studies of the mechanism
of metamorphosis (Weber, 1967) and opened the way to study
hormone action (Weber, 1970). The logical continuation was to
assess changes in RNA synthesis occurring in various metamor-
phosing tissues. Unreliable gene activation by thyroxin nearly brought
this project to a dead end until Gerhart Ryffel, a Ph.D. student in the
lab, suggested trying oestrogen instead. This made it possible to
analyse and functionally characterise the vitellogenin gene family
regulated by this hormone (Ryffel et al., 1977, 1980; Wahli et al.,
1980, 1981; Wahli and Ryffel, 1985).

The topic of hormone-regulated gene expression represented for
years to come the main axis of research of Walter Wahli and his new
laboratory at the University of Lausanne. Oestrogen-responsive
elements were identified in the vitellogenin promoter (reviewed by
Wahli, 1988) and their function extensively characterised by tran-
scription assays in vitro, in the oocyte system, and after transfer into
cultured cells (Martinez et al., 1987; Corthésy et al., 1988, 1990a,b;
Green et al., 1988; Theulaz et al., 1988; Martinez and Wahli, 1989;
Schild et al., 1993). The discovery of a novel family of nuclear
hormone receptors in liver cells, PPAR, the peroxisome proliferator
activated receptors (Dreyer et al., 1992), opened a new field of
research tackling fatty acid metabolism in Xenopus and was later
extended to mouse and man (Krey et al., 1993; Devchand et al.,
1999).

Gerhard Ryffel left Bern for Karlsruhe, then Essen, where he
continued to study the expression and regulation of liver-specific
transcription factors, in particular HNF1 and its cofactors (Bartkowski

et al., 1993; Pogge von Strandmann and Ryffel, 1995; Holewa et al.,
1997; Ryffel and Lingott, 2000).

Taking advantage of improved methods to isolate RNA from liver
(Schibler and Weber, 1974), the Weber group had also isolated the
Xenopus albumin genes that are transcriptionally repressed by
oestrogen (May et al., 1982, 1983). Moreover, attracted by the
observed haemoglobin transition at metamorphosis (Just et al.,
1980), the lab took up studies on the globin gene family of Xenopus.
Larval and adult genes of this family were cloned (Hosbach et al.,
1983), and their structure and expression characterised (Sandmeier
et al., 1986). Discovery in Geneva of a third, embryonic haemoglobin
variant (Kobel and Wolff, 1983) completed the documentation of the
haemoglobin transitions between embryonic, larval, and adult Xeno-
pus (Weber, 1996).

Establishing an embryonic cDNA library to monitor expression of
transcribed repetitive sequence elements (Spohr et al., 1981; Reith
and Spohr, 1984; Kloc et al., 1993), Georges Spohr from the former
Crippa lab also isolated a sarcomeric actin gene (Stutz and Spohr,
1986). He recently resumed studies on muscle development during
Xenopus embryogenesis by analysing the expression and function
of the Id gene (Zhang et al., 1995; Afouda et al., 1999).

The group of André Brändli in Zurich is the most recent addition
to the Xenopus labs in Switzerland and, what’s more, is address-
ing questions relating to development. Brändli first got in touch
with Xenopus as a student attending a practical embryology
course given by Eddy De Robertis during his stay in Basel. After
a post-doctoral stay in Marc Kirschners lab at the UC San
Francisco and at Harvard Medical School, André Brändli trans-
ferred his research on Xenopus tyrosine kinases (Brändli and
Kirschner, 1995) to his new lab at the ETH Zurich, focusing on the
role of the receptor tyrosine kinase EphB4 and ephrin-B ligands
in controlling angiogenic growth of embryonic veins in Xenopus
(Helbling et al., 2000). Pronephric kidney formation is controlled
by Pax genes and the contribution by Pax-2 and Pax-8 and their
isoforms is presently being sorted out (Brändli, 1999).

Fig. 1. Transplantation marker. Squash of a stage 32 X. laevis embryo having been
injected at stage 9 into the blastocoele with X. borealis cells. Individual donor cells can
easily be distinguished by their patchy staining pattern evoked by Q banding techniques.
Courtesy of C.H. Thiébaud, Geneva.

Germ cell transplantation, initiated at Oxford, per-
mitted the identification of the presence of germ cell
precursors at the neurula stage, and demonstrated
their capacity to differentiate according to the sex of
the host (Blackler, 1962, 1965). For the nuclear
transplantation studies, the O-nu mutant from Oxford
(Elsdale et al., 1958) and, later, the mutation for
periodic albinism, ap, isolated in Moscow (Hoperskaya,
1975) were used as markers. In addition, a highly
reliable transplantation marker was devised, based
on differential nuclear staining by banding techniques
of X. laevis and borealis cells (Fig. 1; Thiébaud, 1983)
and was used to follow neural crest development and
cell migration (Sadaghiani and Thiébaud, 1987).

The interest in germ cells also incited studies on
oocyte maturation culminating in the description of an
autocatalytic maturation promoting factor (Drury and
Schorderet-Slatkine, 1975) and extensive
characterisation of hormone action and interfering
drugs (Schorderet-Slatkine et al., 1976, 1978, 1982).
Sabine Schorderet-Slatkine eventually moved to the
‘Maternité’ and appropriately switched to mammalian
oocyte maturation.

Rudolf Weber had introduced Xenopus into the lab in
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While in Basel, De Robertis got even Walter Gehring to touch a
Xenopus. Eddy de Robertis and his collegues cloned a Xenopus
laevis gene containing a region homologous to the Drosophila
homeobox (Carrasco et al., 1984; Shepherd et al., 1984) thus
providing the first evidence that homeotic genes exist in vertebrates.

Xenopus also has a brain so some groups investigated cells of the
central nervous system. Cell biological investigations documented
the role of microtubules in neuronal cell shaping (Matus, 1990) and
differential phosphorylation of microtubule-associated proteins in the
central nervous system (Viereck and Matus, 1990). The peculiar
occurrence of keratin and desmosomes in optic nerve astrocytes
(Rungger-Brändle et al., 1989) was later exploited as histochemical
markers to follow the behaviour of astrocytes during regeneration of
the optic nerve in Xenopus tadpoles (Rungger-Brändle et al., 1995).

In spite of extensive oocyte microinjection activity, no systematic
studies of the effect of ectopic overexpression of genes in the embryo
were carried out in our country. As we will see later, if genes were
injected into the zygote it was to analyse DNA replication or promoter
- enhancer function in the embryo. Nevertheless, a first demonstra-
tion that a foreign gene injected into the zygote was correctly
transcribed and the mRNA correctly spliced in the embryo was done
in Zurich using the genomic rabbit β-globin gene (Rusconi and
Schaffner, 1981). Injection of methylated promoter sequences and of
genes coding for transcription factors into zygotes permitted to reveal
the existence of a passive demethylation mechanism depending on
both binding of transcription factor and DNA replication (Matsuo et
al., 1998). A technical improvement of antisense inhibition of gene
expression consists in injecting into the zygote a vector read by RNA
polymerase III that codes for antisense RNA. This tool was used to
verify the role of the homeotic gene Xhox1a (Nichols et al., 1995).

Cancer and Immunology
Xenopus immunology has been intensely investigated in Geneva

and Basel. Among the Oxford collaborators of Fischberg was
Michael Balls who continued his studies on spontaneous and

transplanted Xenopus tumours in Geneva (Balls, 1962a,b, 1964,
1965; Rubens and Balls, 1964). No viral agent could be detected
nor cell lines be established from this putative ‘lymphosarcoma’. In
fact, the tumour was, either from the beginning or during subse-
quent transfers, contaminated and superseded by mycoplasmic
infection (Asfari, 1988; Asfari and Thiébaud, 1988). Be this as it
may, four thymic tumours were found in three different Xenopus
strains bred in Basel. From these tumours, T-cell lines could be
established (Du Pasquier and Robert, 1992; Robert et al., 1994).

Attempting to isolate the infectious agent of the Oxford-Geneva
‘lymphoid tumour’ Irandokht Hadji-Azimi in the Fischberg lab analysed
serum proteins of affected animals (Hadji-Azimi, 1969, 1973) and
subsequently reoriented her research toward lymphoid cells and
immunoglobulins (Hadji Azimi, 1979; Hadji Azimi et al., 1987, 1990).

Louis Du Pasquier at the Basel Institute of Immunology won-
dered why amphibian larvae, in spite of a very low number of
lymphocytes, display specific immunological responses. The study
was initially undertaken on Rana catesbiana but, in view of the
impossibility to satisfactorily maintain this species, the lab switched
to Xenopus in 1971 and started to establish genetically defined
strains. Having discovered that Xenopus tadpoles produce a rather
homogeneous population of low affinity antibodies, it was no longer
necessary to postulate pluripotentiality of the lymphocytes (Du
Pasquier and Wabl, 1977; Du Pasquier, 1982). Yet, single Xeno-
pus lymphocytes may be temporarily double producers of two
isotypes of immunoglobulin (Hadji-Azimi and Parinello, 1978).

Production of isogenetic clones through gynogenesis, fertilising
diploid eggs spawned by interspecies hybrids with irradiated
sperm (Kobel and Du Pasquier, 1975), proved extremely useful for
immunological studies. Advantage was also taken of the polyploid
nature of several Xenopus species to study the fate of duplicated,
immunologically relevant genes (Kobel and Du Pasquier, 1986).

The still ongoing immunological studies of the Du Pasquier group
deal with antibody repertoire, somatic mutation, and maturation of
the immune response (Du Pasquier, 1982; Wilson et al., 1992).

Fig. 2. Xenopus is an African child after all.
African women from Cameroon to Zaire know
places where Xenopus may be found because
they use it as a medicine “to conceive, or to have
strong babies”. Only in East Africa, Xenopus is
occasionally consumed as regular food, sun-
dried and well cooked to eliminate part of the
toxins in its skin. The toad may be found in
surprisingly small puddles, loves waters stinking
of cyanide in ponds used for soaking Manioc
tubercles, may stick its head through the foamy
surface of a laundry pool, but also lives in de-
cently clear ponds and river arms, as long as
there is no current.
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spontaneous mutations appearing in the stocks were characterised
to a certain degree (Droin, 1991). Three approaches to establish a
genetic map of Xenopus were developed. Crossing of X. laevis
subspecies allowed linkage groups to be followed (Graf, 1989).
Alternatively, aneuploid X. laevis eggs were produced by fertilising,
with laevis sperm, the aneuploid small eggs of triploid interspecies
laevis/gilli hybrids. The resulting hypotriploid or hyperdiploid individu-
als, from which the non-pairing gilli chromosomes are randomly elimi-
nated, again allow linkage groups or distinct loci to be assigned to a given
chromosome (Kobel and Du Pasquier, 1979, Graf and Kobel, 1991).
Finally, even single copy genes may be mapped by in situ hybridisation
to metaphase Xenopus chromosomes (Courtet et al., 2001).

Analysing Xenopus speciation included monitoring DNA con-
tent, karyotypes, chromosome banding and enzyme isoforms of
various species (Thiébaud and Fischberg, 1977; Tymowska, 1991).
To link the useful with the pleasant, numerous collecting trips to the
“white spots” of the African Xenopus map, i.e., nearly the entire
sub-Saharan continent, were organised (Fig. 2). Finally, all known
and several new species and subspecies of Xenopus were as-
sembled in the aquaria of Geneva and Basel.

The striking chromosome counts (20, 40 - 36, 72, 108) clearly
reflect the pseudopolyploid nature of most Xenopus species. To this
came suggestive observations in the wild, for instance the coexist-
ence of two 36-chromosome species and one 72-chromosome
species in one and the same little pond. Moreover, hybrid Xenopus
females lay large, diploid eggs necessarily giving rise to polyploid
hybrids. Numerous crosses in the lab, and verification in the wild

confirmed the allopolyploid origin of the Xenopus species (Fig. 3;
Kobel and Du Pasquier, 1986, Kobel, 1996; Kobel et al., 1998).

Of the material collected over many years, all species (Kobel et
al., 1996), the O-nu mutant (Elsdale et al., 1958) and the mutation
for periodic albinism, ap, (Hoperskaya, 1975) are maintained at the
Geneva stock centre. The ap albino strain that, probably due to
extensive inbreeding, had developed a spectacular oedematous
and else shaky constitution was out- and back-crossed. It now
forms a vigorous and fertile population. Most often, the stock centre
furnishes O-nu and ap mutants, or the only diploid species, X.
tropicalis, that offers certain advantages for genetic studies. For
some time, common X. laevis was in demand. Indeed, during the
international ban on South Africa the centre extensively ‘laun-
dered’ Xenopus by transiting them to many foreign labs. All
clonable hybrids, several partially inbred X. laevis strains, albino
strains, and several species are kept in Basel.

The Geneva stock centre will cease to function within a few
years. The Basel Institute of Immunology has been closed down
and its Xenopus colony is presently being disbanded. Institutions
willing to take over and grant the existence of consistent parts of
these collections are kindly invited to manifest themselves.

The Oocyte
The Xenopus oocyte is most often named in conjunction with the

word ‘system’ and this precious tool will be dealt with in a separate
chapter. However, the oocyte as a cell is a splendid object for
biological and molecular investigations.

Fig. 3. The genus Xenopus. Relationship of Xenopus species according to morphology, ploidy,
and analysis of mitochondrial rDNA sequences. From Kobel et al., 1998. With permission from
Herpetological Journal.

Moreover, they characterised MHC complexes
at the molecular and functional level (Du Pasquier
et al., 1975; Flajnik and Du Pasquier, 1988), a
novel type of non-MHC-linked class I genes
(Flajnik et al., 1993) as well as CTX, a new type
of signalling molecule involved in thymic selec-
tion (Chrétien et al., 1996) and prototype of a
protein family now found to be highly conserved
throughout the vertebrates (Du Pasquier et al.,
1999). Throughout this work, ontogenetic and
evolutive aspects of the Xenopus immune sys-
tem were evaluated (Du Pasquier and Wabl,
1977; Du Pasquier et al., 1989, 2000; Schwager
et al., 1991).

Xenopus Genetics and Speciation
Perhaps because Fischberg had studied poly-

ploidy during his thesis project, or perhaps be-
cause several species and subspecies of Xeno-
pus had been collected already at Oxford and
been moved to Geneva, the Fischberg group
always had a latent interest in aspects of specia-
tion. Likewise, different species were hybridised
(Blackler and Fischberg, 1968), and interspecific
nuclear transplants (Gurdon, 1961) or transfer of
germ cells between species (Blackler, 1962)
were carried out in Oxford as well as in the early
Geneva lab. Tonie Blackler pursued such studies
also after having left Geneva for Ithaca, namely
by transferring germ cells through the body of
another species (Blackler and Gecking, 1972a,b).

As to Xenopus genetics, the phenotypes of
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The Nucleolus
The nucleolus received intensive and long-lasting attention by

several Swiss labs. As mentioned, the ribosomal genes of Xeno-
pus were isolated in Edinburgh (Wallace and Birnstiel, 1966;
Birnstiel, 1967). The structural analysis of the ribosomal cistrons
(Birnstiel et al., 1968, Loening et al., 1969, Speirs and Birnstiel,
1974) still represented a main object of study in the early Zurich lab.
In collaboration with Weber’s lab in Bern, a final map of the
ribosomal precursor was established (Schibler et al., 1976).

Amplification of the ribosomal cistrons in Xenopus oocytes was
extensively analysed (Perkowska et al., 1968; Bird and Birnstiel,
1971; Bird et al., 1973). A Swiss post-doc, Jean-David Rochaix, at
that time in the lab of Joe Gall at Yale, showed that rDNA is
amplified by rolling circles (Rochaix et al., 1974).

Analysing the primary transcript of the ribosomal genes, the
Crippa group in Geneva documented the occurrence of spacer
transcripts that form individual small RNAs or may remain linked to
the rRNA precursor (Rungger and Crippa, 1977; Rungger et al.,
1979a). Spacer transcripts could also be visualised by chromatin
spreading (Rungger et al., 1978) in collaboration with the group of
Werner Franke at Heidelberg, Germany, who had described “pre-
lude regions” earlier on (Franke et al., 1976). The Birnstiel lab
sequenced the ribosomal cistrons (Boseley et al., 1979) and
assessed the function of putative promoter elements and pro-
moter-like sites within the spacer by functional testing in the
Xenopus oocyte system (see below).

Chromatin
In the context of the ongoing discussion of nucleosomal super-

structures, zigzag and superhelical arrangement (Thoma et al.,
1979), the group of Theo Koller in Zurich systematically carried out
investigations on chromatin structure depending on the conditions
applied during spreading. Such investigations were done also on
active nucleolar chromatin of Xenopus (Labhart and Koller, 1982).
Paul Labhart later joined the lab of Ron Reeder at Seattle, USA and
continued to work on rDNA transcription (Labhart and Reeder,

reconstituted chromosomes from DNA and protein fractions pre-
pared from litres of Xenopus oocytes. Depleting certain compo-
nents of these extracts by antibodies allowed identifying
topoisomerase II as the main scaffold component granting conden-
sation (Adachi et al., 1991). In the course of this work, also a Ref-
binding protein, B23, was isolated.

Nuclear Trafficking and the Nuclear Pore
Testing the function of the Ref/B23 complex hooked a post-doc

in Laemmli’s lab, Elisa Izaurralde, on nuclear import-export, a
topic she thoroughly pursued by microinjection studies in the
oocyte system through her personal shuttling between Geneva
and Heidelberg (see e.g., Jarmolowski et al., 1994; Schmitt et al.,
1999).

 Microinjection into Xenopus oocytes had already been used
by Eddy De Robertis in Basel to study nuclear import of the newly
cloned Xenopus nucleoplasmin (Bürglin and De Robertis, 1987;
Bürglin et al., 1987). Iain Mattaj, yet another Scotsman and
postdoctoral fellow at the Friedrich Miescher Institute at Basel,
collaborated with Eddy’s lab and got acquainted with oocyte
injection (Mattaj et al., 1983; Mattaj and De Robertis, 1985). He
continued using this system after his moving to the EMBL at
Heidelberg and produced impressive results on RNA processing
and nuclear import export (Görlich and Mattaj, 1996, Izaurralde et
al., 1995). A recent achievement is the characterization of importin-
exportin cycles and their regulation by RanGTP (Hetzer and
Mattaj, 2000; Gruss et al., 2001). The oocyte approach was also
used by Erich Nigg during his Ph.D. studies in Zurich and in his
later labs at Lausanne and Geneva to study nuclear trafficking
(Borer et al., 1989; Schmidt-Zachmann et al., 1993). Functional
tests in the Xenopus oocyte or egg extracts were still applied
when Nigg’s lab eventually got involved in studying components
regulating the cell cycle (Blangy et al., 1995; Dévault et al., 1995;
Descombes and Nigg, 1998).

The control gate of nuclear traffic, the nuclear pore complex,
has been characterised in great detail by Ueli Aebi and coworkers

1987). Another member of the chromatin group,
Jose Sogo used, besides many other systems,
also Xenopus cells, embryos and oocytes to study
replication and replication fork barriers (Lucchini
and Sogo, 1992; Lucas et al., 2000). Formation of
pre-replication centres in Xenopus egg extracts
was described in Geneva (Adachi and Laemmli,
1994).

Metaphase Chromosome
The Xenopus oocyte was also exploited for

studies on metaphase chromosome structure. In-
jection into the oocyte of antibodies directed against
actin blocked the condensation of chromosomes
during subsequent meiosis induced by the addi-
tion of progesterone (Rungger et al., 1979b). By
depleting histones from HeLa cell metaphase chro-
mosomes, Uli Laemmli who arrived from Princeton
to Geneva, had described the existence of the
contractile chromosome scaffold with the DNA
attached in loops along this skeleton (Paulson and
Laemmli, 1977; Marsden and Laemmli, 1979). To
analyse chromosome structure in more detail, he

Fig. 4. The nuclear pore complex. Recent model based on the work by Aebi and collaborators
(for references, see text). Courtesy of Ueli Aebi, Basel.
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at the Basel Biocenter. Aebi met Xenopus for the first time at
Johns Hopkins University, Baltimore USA, where he worked as an
assistant professor. From Barbara Sollner-Web he learned to
hand-isolate nuclei from stage 3-6 oocytes. The isolated nuclear
envelopes crammed with nuclear pore complexes represented an
ideal starting material for the painstaking study of the components
that make up this elaborate structure (Aebi et al., 1986; Reichelt
et al., 1990, Jarnik and Aebi, 1991; Panté and Aebi, 1993, 1996;
Yokoyama et al., 1995; Görlich et al., 1996). Whereas several
molecular components of the pore complex were identified in
yeast (see e.g. Schlaich et al., 1997), high resolution 3-D recon-
struction of native pore complexes was again done on Xenopus
germinal vesicle envelopes (see e.g. Fahrenkrog et al., 2001). A
recent model of the nuclear pore complex derived from such
investigations is represented in Fig. 4.

The Xenopus Oocyte System

The discovery that messenger RNA injected into the oocyte
cytoplasm is efficiently translated (Gurdon et al., 1971) and DNA
injected into the nucleus is faithfully transcribed and subsequently
translated (Mertz and Gurdon, 1977) made the Xenopus oocyte
an invaluable assay system. The ‘Gurdon test tube’ has been
used for all sorts of applications all over the world and particularly
so in Switzerland. Part of the early characterisation and several
new applications of this system were elaborated in our country. A
short overview of the various technical possibilities described in
hundreds of local publications based on this system may give
some useful information for present users.

Protein Expression
Initially, translation in the oocyte system was mostly studied

from a mechanistic point of view. Likewise, it was shown in
Geneva that the oocyte carries out correct proteolytic cleavage of
precursor proteins (Mach et al., 1973) and regulation of β-globin
translation could be achieved by injection of haemin (Giglioni et
al., 1973). The group of Eric Kubli in Zurich demonstrated that the
Xenopus oocyte uses all three stop codons (Bienz et al., 1981).
Yet, competition experiments with different tRNA isoacceptors in
the oocyte system revealed an ‘in vivo’ amino-acid codon prefer-
ence (Meier et al., 1985).

A useful early application of the oocyte system was to inject an
mRNA or cDNA with the aim to verify that they code for the
expected protein. This identification was particularly helpful at a
time when no sequencing data were available. Since that time,
protein expression is primarily used to test the function of the
protein produced. In our country, this is preferentially done with
constituents of membrane pumps and channels and components
of transport systems.

The group of Daniel Bertrand in Geneva adopted the oocyte
system to functionally characterise neuronal nicotinic acetylcho-
line receptors. The channel subunits were produced from cDNA
expression vectors under the control of an SV40 promoter. This
yielded a much higher channel activity than that obtained with the
best in vitro synthesised mRNA (Ballivet et al., 1988, Bertrand et
al., 1991). The Bertrand lab used the oocyte system to thoroughly
characterise the functioning of chick and human neuronal chan-
nels from desensitisation, potentiation, responsiveness to vari-
ous agonists and antagonists (Revah et al., 1991; Valera et al.,

1992; Eisele et al., 1993) till mutant nicotinic receptors in patients
suffering from autosomal dominant nocturnal frontal lobe epilepsy
(Picard et al., 1999). Just to make you suffer; Daniel Bertrand
developed a - non commercialised - robot carrying out nuclear
injection into oocytes as well as whole-cell clamping including
addition of agonists and measurement of electrophysiological
parameters.

The group of Bernard Rossier in Lausanne set out to reconsti-
tute the heterodimeric Na,K-ATPase pump they had isolated from
Xenopus A6 cell lines and were able to assess the physiological
role of its β-subunit (Geering et al., 1989). This experiment could
only work because the Xenopus oocyte expresses only one of the
two subunits of Na,K-ATPase, which prompted a study of its role
during early Xenopus development (Han et al., 1991; Burgener-
Kairuz et al., 1994). The characterisation of the Na,K-ATPase
pump remains the topic of Kathi Geering’s lab today (see e.g.,
Beggah et al., 1999; Crambert et al., 2000). The nearby lab of
Jean-Daniel Horisberger collaborated in several Na,K-ATPase
studies (Hasler et al.,1998; Beguin et al., 1998) and developed
new approaches to the study of the structure-function relationship
of a P-type ATPase (Horisberger and Wang, 1997). With the
group of Olivier Staub, they also investigated the role of mem-

Fig. 5. How to inject the nucleus. The position of the germinal vesicle
becomes visible in centrifuged oocytes (Kressmann and Birnstiel, 1980),
greatly facilitating nuclear injection.
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brane protein ubiquitination in ENaC function (Abriel et al., 1999) and
that of the cardiac voltage-gated Na channel (Abriel et al., 2000).

Using oocyte expression Bernard Rossier had indeed isolated an
epithelial sodium channel (ENaC) involved in arterial hypertension
and respiratory distress and that could not be purified by biochemical
methods (Canessa et al., 1993, 1994). A regulatory protein, a serine
protease that modulates ENaC activity at the plasma membrane,
was also cloned by a novel complementation assay in the Xenopus
oocyte system (Vallet et al., 1997). François Verrey from Rossier’s
lab moved to Zurich and continued working in the Xenopus oocyte
system, characterising aldosterone-regulated gene products iso-
lated from the A6 line, one of them being K-Ras2. Coexpression, with
ENaC, of K-Ras2 revealed its regulatory action (Mastroberardino et
al., 1998a). Another aldosterone-regulated product represents a
novel type of amino acid transporter which has to be associated with
a glycoprotein to be functionally installed at the cell surface
(Mastroberardino et al., 1998b, Pfeiffer et al., 1999a,b).

Erwin Sigel in Bern characterised plasma membrane proteins
(Sigel, 1990, 2001), in particular the effects of combining different
subunits of γ−aminobutyric acid type A (GABAA) receptors (Sigel et
al., 1990) and monitored altered functions of point-mutated receptors
(Buhr and Sigel, 1997).

A Swiss post-doc, Matthias Hediger successfully used the newly
developed oocyte expression cloning technique for transport sys-
tems in the lab of Ernie Wright in Los Angeles USA (Hediger et al.,
1987). He gave some hints to Andi Werner, a Ph.D. student in the lab
of Heinrich Murer in Zurich. There, the technique was applied to clone
a single transport system for cystine, dibasic and neutral amino acids
(Bertran et al., 1992), human and rat renal cortex Na/Pi (Magagnin
et al., 1993) and rat renal Na/SO4 cotransporters (Markovich et al.,
1993). Electrophysiological measurements (Forster et al., 1998) and
topological studies on protein mutants (Lambert et al., 1999) were
carried out on the Na/Pi cotransporter.

Hepatic transport systems were analysed by the group of Peter
Meier in Zurich. Expression cloning allowed the components of the
sulphobromophtalein uptake system (Jacquemin et al., 1991) and
the Na+/bile acid cotransport system (Hagenbuch et al., 1991) to be
isolated and characterised. Moreover, the rat liver organic anion
(Jacquemin et al., 1994) and canalicular sulphate transporters
(Bissig et al., 1994) and an isoform of the multidrug-resistance
associated protein (Madon et al., 1997) were identified.

Originally working on acetylcholine (ACh) release in Torpedo
electric organ, Yves Dunant and his group in Geneva reconstituted
correct calcium-dependent release of this neurotransmitter in Xeno-
pus oocytes (Cavalli et al., 1991). This activity could be blocked by
the addition of anti-mediatophore antisense probes (Cavalli et al.,
1993). The study was extended by expressing ACh in transfected
cells, inducing its release by mediatophore transfection, and register-
ing ACh release by whole cell patch clamping on cocultured myocytes
from Xenopus embryos (Falk-Variant et al., 1996; Bloc et al., 1999).

Promoter Analysis
An elaborate application of the oocyte system consists of analysing

the function of putative promoter elements by introducing structural
alterations in genes and spacers and subsequently analysing their
effects on gene expression. This approach was termed ‘surrogate
genetics’ (Birnstiel and Chipchase, 1977; Kressmann and Birnstiel,
1980) and the first such experiment was done over two decades ago
(Kressmann et al., 1978). A technical refinement consisting of

centrifuging the oocytes to visualise the position of the nucleus (Fig.
5) greatly facilitated nuclear injection. With this tool in hand, the
Zurich lab hit gold.

Polymerase III Genes
A special form of polymerase from oocytes of Xenopus was

described in Geneva (Wilhelm et al., 1974) and turned out to be RNA
polymerase III (Long and Crippa, 1976). The Xenopus tRNA genes
read by this polymerase were initially characterised in Edinburgh
(Clarkson et al., 1973a,b), and were then isolated and cloned in
Zurich (Clarkson and Kurer, 1976; Clarkson et al., 1978). Functional
testing of elaborate mutant constructs revealed that these genes are
controlled by an intragenic promoter composed of two short se-
quence blocks (Telford et al., 1979; Kressmann, et al., 1979; Hofstetter
et al., 1981; Galli et al., 1981). Interestingly, the nucleosome pattern
of transfer DNA was found to change during cell differentiation in
Xenopus from a non-phased (active) to a phased configuration
(mainly repressed state) (Bryan et al., 1981). The promoter of the
5SrRNA gene was characterised in the lab of Don Brown at Carnegie,
Washington USA, using transcription assays in germinal vesicle
extracts. In this context it may be mentioned that the Crippa lab
devised a method to mass-isolate germinal vesicles and nucleoli
(Scalenghe et al., 1978) but for once mass production did not
conquer the market.

After his move to Geneva, Stuart Clarkson continued his work on
Xenopus tRNA transcription (Hipskind and Clarkson, 1983), termina-
tion (Mazabraud et al., 1987) and developmental regulation (Stutz et
al., 1989) as well as the (lack of) function of the La protein in these
processes (Scherly et al., 1993; Lin-Marq and Clarkson, 1998). One
day, immunoprecipitating the La protein, they stumbled over the frog
homologue of the Xeroderma pigmentosum group G factor and
switched to human DNA repair disorders. And there went one more
‘Swiss’ Xenopus veteran.

Polymerase I Genes
Sequencing of the ribosomal cistrons had indicated that the

putative promoter is duplicated within the spacer region that other-
wise is composed of numerous short repeats (Boseley et al., 1979;
Moss and Birnstiel, 1979). Injecting X. laevis genes into X. borealis
oocytes and the use of specific probes permitted to measure tran-
scripts from the injected genes without the endogenous background.
The outcome of such functional tests allowed defining the basic
promoter placed next to the gene start. Duplicated promoters near
the BamH1 sites within the spacer give rise to spacer transcription
(Moss, 1982). Tom Moss continued to characterise the function of the
ribosomal spacer after his return to Great Britain, notably showing
that the repetitive spacer elements function as transcriptional en-
hancers (Moss, 1983) and characterising the ribosomal transcription
factor UBF (Bachvarov and Moss, 1991).

Polymerase II genes
Sea urchin histone gene clusters were in turn highly purified,

cloned and sequenced in Zurich (Birnstiel, et al., 1974; Clarkson et
al., 1976; Schaffner et al., 1978), and cloning of Xenopus histone
genes soon followed (Moormann et al., 1980). The sea urchin data
revealed the TATA box and some nearby conserved sequences, as
well as a terminal palindrome (Büsslinger et al., 1979). To sort out
their functioning, promoter mutants were produced by restriction-
deletion and by inversion of DNA segments. Functional tests in the
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oocyte allowed determining the role of the TATA box as ‘selector’ of
transcription initiation and the role of an ‘initiator’ sequence (Grosschedl
and Birnstiel, 1980) necessary for maximal, accurate transcription
initiation (Hentschel et al., 1980). Such functional studies also
documented the stimulatory role of upstream modulator sequences
that could be inverted with no deleterious effect, the first observation
of a eukaryotic enhancer (Grosschedl and Birnstiel, 1980). The study
of enhancer elements became the research topic of Walter Schaffner
who, with the help of the surrogate genetic approach, isolated the
enhancers of SV40 and of the immunoglobulin gene using transfec-
tion into cell lines.

Max Birnstiel concentrated on histone mRNA processing using
the trick to isolate nuclei from ‘boiled eggs’ (Georgiev et al., 1984).
The nucleus may then easily be separated from the cytoplasm and
the distribution of RNA intermediates be followed. To obtain correct
3’ processing the Xenopus oocyte had to be complemented with a 60
nucleotide long RNA (Stunnenberg and Birnstiel, 1982; BirchmeIer
et al., 1984). Such observations led to the discovery of a sea urchin
U7 RNP, an snRNP catalysing histone mRNA 3’-processing (Strub
et al., 1984). One of the research associates, Daniel Schümperli,
working on U7 snRNP later exported this topic to Bern, where he
became the successor of Rudolf Weber. Xenopus, murine, and
human snurps constitute the central theme of research of his group,
still involving functional testing in the oocyte system (Stefanovic et al.,
1995a,b). De Robertis’ lab at Basel, isolated Xenopus U snRNA
genes (Zeller et al., 1984; Mattaj et al., 1985). Iain Mattaj focused his
interests on U snRNP interactions and nuclear import (Mattaj and De
Robertis, 1985) and, as mentioned, pursued this topic at the EMBL
(Izaurralde et al., 1995; Palacios et al., 1997).

The intensive analysis of the promoters of hormone-induced
genes, in particular oestrogen-responsive elements by the groups of
Rudolf Weber and Walter Wahli has already been reviewed above.
Other genes whose regulation was studied in the oocyte system were
Drosophila and human heat shock genes (Voellmy and Rungger,
1982; Voellmy et al., 1985). Moreover, Marianne Bienz who had
joined Gurdon’s lab in Cambridge analysed the regulation of Xeno-
pus heat shock genes (Bienz, 1986; Bienz and Pelham, 1986). Still
other polymerase II promoters were analysed by functional testing in
the oocyte system but space limitations preclude their review here.

Transactivation Assay
Some of the above studies involved complementation of the

oocyte with foreign components from other cell types. Correct 3’
processing of histone mRNA was dependent on the addition of
snRNPs (Stunnenberg and Birnstiel, 1982) and, transcription of the
vitellogenin promoter on that of nuclear proteins from liver nuclei
(Knowland et al., 1984; Corthésy et al., 1991). Such experiments
anticipated later complementation experiments, providing cisactive
factors to modulate transcription of tissue specific genes in the
oocyte. The Rungger lab in Geneva developed a transactivation
approach allowing to functionally test cis- and transactive elements
in the oocyte system (Rungger et al., 1990). With this tool, a
repression-derepression mechanism was characterised that regu-
lates the interleukin-2 promoter (Mouzaki and Rungger, 1994) as well
as the HIV-1 LTR (Mouzaki et al., 2000) in genuine T helper cells.
Transactive factors may also be produced in the oocyte by injecting
their mRNA or cDNA, as was done in analysing the activation
mechanism of heat shock factor HSF-1 (Zuo et al., 1995) and in
testing the repressing activity of Xenopus Id3 on myoD function
(Zhang et al., 1995).

As mentioned, most DNA injections into the zygote were done
with the aim to follow DNA replication or promoter functioning.
Likewise, the expression pattern of the c-myc gene was monitored in
embryos (Modak et al., 1993). Coinjecting a target gene with cDNA
vectors coding for transcription factors or recombinant proteins also
allowed to assess transactivation mechanisms in the embryo. In this
way, cellular and viral activators of transcription were found to
function differently in oocytes and embryos (Xu et al., 1994).

The Endangered Species

Since its introduction to Swiss universities some fifty years ago,
Xenopus has become an indispensable model system for many
laboratories. In spite of the fact that some of the large Xenopus
swamps of Switzerland have ceased to exist or are drying out, the
highly adaptive toad remains firmly established in many small ponds.
Certainly, Xenopus helveticus lives dangerously but for the moment
there is no urgency to place it on the red list.

Summary

This review traces the history of Xenopus research in Switzerland,
its worldwide beginnings and British chapters having been summarised
previously (Gurdon and Hopwood, 2000). As in other countries,
Xenopus was initially used in the pharmaceutical industry at Basel for
pregnancy testing. Developmental biologists became interested in
this peculiar amphibian because it may be induced to ovulate all year
round. Swiss Xenopus research is reviewed over 50 years, from the
introduction of Xenopus by Rudolf Weber to the University of Bern,
the return from Great Britain of two Swiss expatriates, Michail
Fischberg and MaxBirnstiel through the numerous pupils of the
founder labs to the independently arisen Xenopus research units in
the country. Besides developmental biology, Swiss Xenopus re-
search engaged in immunology, genetics and cell biology, the latter
focusing mainly on the oocyte. It set highlights in molecular biology
by isolating some of the first eukaryotic genes and analysing their
transcriptional regulation and post-transcriptional modifications
through ‘surrogate genetic’ approaches in the oocyte system. An
important line of research applied this system to study nuclear
trafficking. Presently, functional testing mainly serves to characterise
the function of proteins produced from expression vectors injected
into the oocyte. A main accent of developmental studies was, from
the early beginnings and still today, set on molecular characterisation
of gene function in the embryo.

KEY WORDS: Xenopus development, molecular biology, oocyte system,
surrogate genetics, historical article.

Acknowledgements
My thanks go to all those who helped me gather information by

providing comprehensible summaries of their research, in par-
ticular to Max Birnstiel, Vienna, and Stuart Clarkson, Geneva, for
their fading memories and critical comments, to Ueli Aebi, Basel,
for furnishing the nuclear pore complex model, Charles Thiébaud
for comments and help with the figures and, to the US National
Center for Biotechnology Information (NCBI) for their PubMed
site; without it this review might have been a little shorter. I’ll be
most grateful to all those I forgot or neglected for not shooting the
piano player.



58         D. Rungger

References

ABRIEL, H., KAMYNINA, E., HORISBERGER, J.D. and STAUB, O. (2000) Regula-
tion of the cardiac voltage-gated Na+ channel (H1) by the ubiquitin-protein ligase
Nedd4. FEBS Lett. 466: 377-380.

ABRIEL, H., LOFFING, J., REBHUHN, J.F., PRATT, J.H., HORISBERGER, JD.,
ROTIN, D. and STAUB, O. (1999) Defective regulation of the epithelial Na+
channel by Nedd4 in Liddle’s syndrome. J. Clin. Invest. 516: 667-673.

ADACHI, Y. and LAEMMLI, U.K. (1994) Study of the cell cycle-dependent assembly
of the DNA pre-replication centres in Xenopus egg extracts. EMBO J. 13: 4153-
4164.

ADACHI, Y., LUKE, M. and LAEMMLI, U.K. (1991) Chromosome assembly in vitro:
Topoisomerase II is required for condensation. Cell 64: 137-148.

AEBI, U., COHN, J., BUHLE, E.L. and GERACE, L. (1986) The nuclear lamina is a
meshwork of intermediate type filaments. Nature 323: 560-564.

AFOUDA, A.B., REYNAUD-DEONAUTH, S., MOHUN, T. AND SPOHR, G. (1999)
Localized XId3 mRNA activation in Xenopus embryos by cytoplasmic
polyadenylation. Mech Dev. 88: 15-31.

ASFARI, M. (1988) Mycobacerium-induced infectious granuloma in Xenopus: his-
topathology and transmissibility. Cancer Res. 48: 958-963.

ASFARI, M. and THIEBAUD, CH. (1988) Transplantation studies of a putative
lymphosarcoma of Xenopus. Cancer Res. 15: 954-957.

BACHVAROV, D. and MOSS, T. (1991) The RNA polymerase I transcription factor
xUBF contains 5 tandemly repeated HMG homology boxes. Nucl. Acids Res. 19:
2331-2335.

BALLIVET, M., NEF, P., COUTURIER, S., RUNGGER, D., BADER, C.R., BERTRAND,
D. and COOPER, E. (1988) Electrophysiology of a chick neuronal nicotinic
acetylcholine receptor expressed in Xenopus oocytes after cDNA injection.
Neuron 1: 847-852.

BALLS, M. (1962a) Spontaneous neoplasms in amphibia: a review and descriptions
of six new cases. Cancer Res. 22: 1142-1154.

BALLS, M. (1962b) Methylcholanthrene-induced lymphosarcomas in Xenopus laevis.
Nature 196: 1327-1328.

BALLS, M. (1964) Transplantation of spontaneously occurring and chemically in-
duced lymphoid tumors in Xenopus laevis. Cancer Res 24: 44-51.

BALLS, M. (1965) The incidence of pathologic abnormalities, including spontaneous
lymphosarcomas, in a laboratory stock of Xenopus (the South African clawed
toad). Cancer Res. 25: 3-6.

BARTKOWSKI, S., ZAPP., D., WEBER, H., EBERLE, G., ZOIDL., C., SENKEL, S.,
KLEIN-HITPASS, L. and RYFFEL, G.U. (1993) Developmental regulation and
tissue distribution of the liver transcription factor LFB1 (HNF1) in Xenopus laevis.
Mol. Cell Biol. 13: 421-431.

BEGGAH, A.T., BEGUIN, P., BAMBERG, K., SACHS, G. and GEERING, K. (1999)
Beta subunit assembly is essential for the correct packing and the stable
membrane insertion of the H,K-ATPase alpha subunit. J. Biol. Chem. 274: 8217-
8223.

BEGUIN, P., HASLER, U., BEGGAH, A., HORISBERGER, J.D. and GEERING, K.
(1998) Membrane integration of Na,K-ATPase alpha subunits and beta-subunit
assembly. J. Biol. Chem. 273: 24921-24931.

BERTRAN, J., WERNER, A., STANGE, G., MARKOVICH, D., BIBER, J., TESTAR,
X., ZORZANO, A., PALACIN, M. and MURER, H. (1992) Expression cloning of a
cDNA from rabbit kidney cortex that induces a single transport system for cystine,
dibasic, and neutral amino acids. Proc. Natl. Acad. Sci. USA 89: 5601-5605.

BERTRAND, D., COOPER, E., VALERA, S., RUNGGER, D. and BALLIVET, M.
(1991) Electrophysiology of neuronal nicotinic acetylcholine receptors expressed
in Xenopus oocytes following nuclear injection of genes or cDNAs. Methods
Neurosci. 4: 174-193.

BIENZ, M. (1986) A CCAAT box confers cell-type-specific regulation on the Xenopus
hsp70 gene in oocytes. Cell 46: 1037-1042.

BIENZ, M. and PELHAM, H.R. (1986) Heat shock regulatory function as an inducible
enhancer in the Xenopus hsp70 gene and when linked to a heterologous promoter.
Cell 45: 753-760.

BIENZ, M., KUBLI, E., KOHLI, J., DE HENAU S., HUEX, G., MARBAIX, G. and
GROSJEAN, H. (1981) Usage of three termination codons in a single eukaryotic
cell, the Xenopus laevis oocyte. Nucl. Acids Res. 9: 3835-3850.

BIRCHMEIER, C., SCHUMPERLI, D., SCONZO, G. and BIRNSTIEL, M.L. (1984) 3’
editing of mRNAs: sequence requirements and involvement of a 60 nucleotide
RNA in maturation of histone mRNA precursors. Proc. Natl. Acad. Sci. USA 81:
1057-1061.

BIRD, A. and BIRNSTIEL, M.L. (1971) A timing study of DNA amplification in Xenopus
laevis oocytes. Chromosoma 35: 300-309.

BIRD, A., ROGERS, E. and BIRNSTIEL, M.L. (1973) Is gene amplification RNA-
directed? Nature New Biol. 242: 226-230.

BIRNSTIEL, M. (1967) Some experiments relating to the homogeneity and arrange-
ment of the ribosomal RNA genes of Xenopus laevis. Ciba Found. Symp. Cell Diff.
178-191.

BIRNSTIEL, M.L. and CHIPCHASE, M. (1977) Current work on the histone operon.
Trends Biochem Sci. 2: 149-151.

BIRNSTIEL, M.L., SPEIRS, J., PURDOM, I., JONES, K. and LOENING, U. (1968)
Properties and composition of the isolated ribosomal DNA satellite of Xenopus
laevis. Nature 219: 454-463

BIRNSTIEL, M.L., TELFORD, J., WEINBERG, E. and STAFFORD, D. (1974) Isola-
tion and some properties of the genes coding for histone proteins. Proc. Natl.
Acad. Sci. USA 71: 2900-2904.

BIRNSTIEL, M.L., WALLACE, H., SIRLIN, J.L. and FISCHBERG, M. (1966) Localiza-
tion of the rDNA complements in the nucleolar organizer region of Xenopus laevis.
Nat. Cancer inst. Monographs 23: 431-444.

BISSIG., M., HAGENBUCH, B., STIEGER, B., KOLLER, T. and MEIER, P.J. (1994)
Functional expression cloning of the canalicular sulfate transport system of rat
hepatocytes. J. Biol. Chem. 269: 3017-3021.

BLACKLER, A.W. (1962) Transfer of primordial germ cells between two subspecies
of Xenopus laevis. J. Embryol. exp. Morph. 10: 641-651.

BLACKLER, A.W. (1965) Germ-cell transfer and sex ratio in Xenopus laevis. J.
Embryol. exp. Morph. 13: 51-61.

BLACKLER, A.W. and FISCHBERG, M. (1968) Hybridization of Xenopus laevis
petersi (poweri and X. l. laevis. Rev. Suisse Zool. 75: 1023-1032.

BLACKLER, A.W. and GECKING, C.A. (1972a) Transmission of sex cells of one
species through the body of a second species in the genus Xenopus. I. Intraspe-
cific matings. Dev. Biol. 27: 376-384.

BLACKLER, A.W. and GECKING, C.A. (1972b) Transmission of sex cells of one
species through the body of a second species in the genus Xenopus. II. Interspe-
cific matings. Dev. Biol. 27: 385-394.

BLANGY, A., LANE, H.A., D’HERIN, P., HARPER, M., KRESS, M. and NIGG, E.A.
(1995) Phosphorylation by p34cdc2 regulates spindle association of human Eg5,
a kinesin-related motor essential for bipolar spindle formation in vivo. Cell.
83:1159-1169.

BLOC, A., BUGNARD, E., DUNANT, Y., FALK-VARIANT, J., ISRAEL, M., LOCTIN,
F. and ROULET, E. (1999) Acetylcholine synthesis and quantal release reconsti-
tuted by transfection of mediatophore and choline acetyltransferase cDNAs. Eur.
J. Neurosci. 11: 1523-1534.

BORER, R.A., LEHNER, C.F., EPPENBERGER, H.M. and NIGG, E.A. (1989) Major
nucleolar proteins shuttle between nucleus and cytoplasm. Cell 56: 379-390.

BOSELEY, P., MOSS, T., MACHLER, M., PORTMANN, R. and BIRNSTIEL, M.L.
(1979) Sequence organization of the spacer DNA in a ribosomal gene unit of
Xenopus laevis. Cell 17: 19-31.

BRANDLI, A.W. (1999) Towards a molecular anatomy of the Xenopus pronephric
kidney. Int. J. Dev. Biol. 43: 381-195.

BRANDLI, A.W. and KIRSCHNER, M.W. (1995) Molecular cloning of tyrosine kinases
in the early Xenopus embryo: identification of Eck-related genes expressed in
cranial neural crest cells of the second (hyoid) arch. Dev. Dyn. 203: 119-140.

BRUN, R and KOBEL, H.R. (1972) Des grenouilles métamorphosés obtenus par
transplantation nucléaire à partir du prosencéphale et de l’épiderme larvaire de
Xenopus laevis. Revue Suisse de Zool. 79: 961-965.

BRYAN, P.N., HOFSTETTER, H. and BIRNSTIEL, M.L. (1981) Nucleosome arrange-
ment on tRNA genes of Xenopus laevis. Cell 27: 459-466.

BUHR, A. and SIGEL, E. (1997) A point mutation in the γ subunit of γ -aminobutyric
acid type A receptors results in altered benzodiazepine binding site specificity.
Proc. Natl. Acad. Sci. USA 94: 8824-8829.

BURGENER-KAIRUZ, P., CORTHESY-THEULAZ, I., MERILLAT, A.M., GOOD, P.,
GEERING, K. and ROSSIER, B.C. (1994) Polyadenylation of Na(+)-K(+)-ATPase



Xenopus helveticus         59

beta 1 during early development of Xenopus laevis. Am. J. Physiol 266: C157-164.

BURGLIN, T.R. and DE ROBERTIS, E.M. (1987) The nuclear migration signal of
Xenopus laevis nucleoplasmin. EMBO J. 6: 2617-2625.

BURGLIN, T.R., MATTAJ, I.W., NEWMEYER, D.D., ZELLER, R. and DE ROBERTIS,
E.M. (1987) Cloning of nucleoplasmin from Xenopus laevis oocytes and its
developmental expression. Genes Dev. 1: 97-107.

BUSSLINGER, M., PORTMANN, R. and BIRNSTIEL, M.L. (1979) A regulatory se-
quence near the 3’ end of sea urchin histone genes. Nucl. Acids Res. 6: 2997-3008.

CANESSA, C.M., HORISBERGER, J.D. and ROSSIER, B.C. (1993) Epithelial
sodium channel related to proteins involved in neurodegeneration. Nature 361:
467-470.

CANESSA, C.M., SCHILD, L., BUELL, G., THORENS, B., GAUTSCHI, I.,
HORISBERGER, J.D. and ROSSIER, B.C. (1994) The amiloride-sensitive so-
dium channel is made of three homologous subunits. Nature 367: 463-467.

CARRASCO, A.E., MCGINNIS, W., GEHRING, W.J. and DE ROBERTIS, E.M. (1984)
Cloning of an X. laevis gene expressed during early embryogenesis coding for a
peptide region homologous to Drosophila homeotic genes. Cell 37: 409-414.

CAVALLI, A., DUNANT, Y., LEROY C., MEUNIER, F.M., MOREL, N. and ISRAEL, M.
(1993) Antisense probes against mediatophore block transmitter release in
oocytes primed with neuronal mRNAs. Eur. J. Neurosci. 5: 1539-1544.

CAVALLI, A., EDER-COLLI, L., DUNANT, Y., LOCTIN, F. and MOREL, N. (1991)
Release of acetylcholine by Xenopus oocytes injected with mRNAs from cholin-
ergic neurons. EMBO J. 10: 1671-1675.

CHRETIEN I., ROBERT, J., MARCUZ, A., GARCIA-SANZ, J.A., COURTET, M. and
DU PASQUIER, L. (1996) CTX, a novel molecule specifically expressed on the
surface of cortical thymocytes in Xenopus. Eur. J. Immunol. 26: 780-791.

CLARKSON, S.G., KURER, V. and SMITH, H.O. (1978) Sequence organization of a
cloned tDNA met fragment from Xenopus laevis. Cell 14: 713-724.

CLARKSON, S.G. and KURER, V. (1976) Isolation and some properties of DNA
coding for tRNA1met from Xenopus laevis. Cell 8: 183-195.

CLARKSON, S.G., BIRNSTIEL, M.L. and PURDOM, I.F. (1973a) Clustering of tRNA
genes of Xenopus laevis. J. Mol. Biol. 79: 411-429.

CLARKSON, S.G., BIRNSTIEL, M.L. and SERRA, V. (1973b) Reiterated tRNA genes
of Xenopus laevis. J. Mol. Biol. 79: 391-410.

CLARKSON, S.G., SMITH, H.O., SCHAFFNER, W., GROSS, K.W. and BIRNSTIEL,
M.L. (1976) Integration of eukaryotic genes for 5SRNA and histone proteins into
a phage lambda receptor. Nucl. Acids Res. 3: 2617-2632.

CORTHESY, B., CLARET, F.X. and WAHLI, W. (1990a) Estrogen receptor level
determines sex-specific in vitro transcription from the Xenopus vitellogenin
promoter. Proc. Nat. Acad. Sci. USA 87: 7878-7882.

CORTHESY, B., CORTHESY-THEULAZ, I., CARDINAUX, J.R. and WAHLI, W.
(1991) A liver protein fraction regulating hormone-dependent in vitro transcription
from the vitellogenin genes induces their expression in Xenopus oocytes. Mol.
Endocrinol. 5: 159-169.

CORTHESY, B., HIPSKIND, R., THEULAZ, I. and WAHLI, W. (1988) Estrogen-
dependent in vitro transcription from the vitellogenin promoter in liver nuclear
extracts. Science 239: 1137-1139.

CORTHESY, B., LEONNARD, P. and WAHLI, W. (1990b) Transcriptional potentiation
of the vitellogenin B1 promoter by a combination of both nucleosome assembly
and transcription factors: an in vitro dissection. Mol. Cell Biol: 10: 3926-3933.

COURTET, M., FLAJNIK M. and DU PASQUIER, L. (2001) Major histocompatibility
complex and immunoglobulin loci visualized by in situ hybridization on Xenopus
chromosomes. Dev. Comp. Immunol: 25. 149-157.

CRAMBERT, G., HASLER, U., BEGGAH, A.T., YU, C., MODYANOV, N.N.,
HORISBERGER, J.D., LELIEVRE, L. and GEERING, K. (2000) Transport and
pharmacological properties of nine different human Na,K-ATPase isozymes. J.
Biol. Chem. 275: 1976-1986.

DESCOMBES, P. and NIGG, E.A. (1998) The polo-like kinase Plx1 is required for M
phase exit and destruction of mitotic regulators in Xenopus egg extracts. EMBO
J: 17: 1328-1335.

DEVAULT, A., MARTINEZ, A.M., FESQUET, D., LABBE, J.C., MORIN, N., TASSAN,
J.P., NIGG, E.A., CAVADORE, J.C. and DOREE, M. (1995) MAT1 (ménage à
trois) a new RING finger protein subunit stabilizing cyclin H-cdk7 complexes in
starfish and Xenopus CAK. EMBO J. 14: 5027-5036.

DEVCHAND, P.R., IJPPENBERG, A., DESVERGNE, B. and WAHLI, W. (1999)

PPARs: nuclear receptors for fatty acids, eicosanoids, and xenobiotics. Adv. Exp.
Med. Biol. 469: 231-236.

DREYER, C., KREY, G., KELLER, H., GIVEL, F., HELFTENBEIN, G. and WAHLI, W.
(1992) Control of the peroxisomal beta-oxidation pathway by a novel family of
nuclear hormone receptors. Cell 68: 879-887.

DROIN, A. (1991) Mutants of Xenopus laevis. Methods in Cell Biol. 36: 671-673.

DRURY, K.C. and SCHORDERET-SLATKINE, S. (1975) Effects of cycloheximide on
the ‘autocatalytic’ nature of the maturation promoting factor (MPF) in oocytes of
Xenopus laevis. Cell 4: 269-274.

DU PASQUIER, L., SCHWAGER, J. and FLAJNIK, M. (1989) The immune system of
Xenopus. Ann. Rev. Immunol. 7: 251-275.

DU PASQUIER, L. (1982) Antibody diversity in lower vertebrates - why is it so
restricted? Nature 296: 311-313.

DU PASQUIER, L. and ROBERT, J. (1992) In vitro growth of thymic tumor cell lines
from Xenopus. Dev. Immunol. 2: 295-307.

DU PASQUIER, L. and WABL, M.R. (1977) The ontogenesis of lymphoid diversity in
anuran amphibians. Cold Spring Harbor Symp. Quant. Biol. 41: 771-779.

DU PASQUIER, L., CHARDONNENS, X. and MIGGIANI, V.C. (1975) A major
histocompatibility complex in the toad Xenopus laevis. Immunogenet. 1: 482-494.

DU PASQUIER, L., COURTET, M. and CHRETIEN, I. (1999) Duplication and MHC
linkage of the CTX family of genes in Xenopus and in mammals. Eur. J. Immunol.
29: 1729-1739.

DU PASQUIER, L., ROBERT, J., COURTET, M. and MUSSMANN, R. (2000) B cell
development in the amphibian Xenopus. Immunol. Review 175: 201-213.

EISELE, J.L., BERTRAND, S., GALZI, JL., DEVILLIERS-THIERY, A., CHANGEAUX,
J.P. and BERTRAND, D. (1993) Chimaeric nicotinic-serotonergic receptor com-
bines distinct ligand binding and channel specificities. Nature 366: 479-483.

ELSDALE, T.R., FISCHBERG, M. and SMITH, S. (1958) A mutation that reduces
nucleolar number in Xenopus laevis. Exp. Cell Res. 14: 642-643.

FAHRENKROG, B., STOFFLER, D. and AEBI, U. (2001) Nuclear pore complex
architecture and functional dynamics. Curr. Top. Microbiol. Immunol. 259: 95-117.

FALK-VARIANT, J., CORREGES, P., EDER-COLLI, L., SALEM, N., MEUNIER, F.M.,
LESBATS, B., LOCTIN, F., SYNGUELAKIS, M., ISRAEL, M and DUNANT, Y.
(1996) Evoked acetylcholine release expressed in neuroblastoma cells by trans-
fection of mediatophore cDNA. J. Neurochem. 66: 1322-1325.

FISCHBERG, M. and BLACKLER, A.W. (1963a) Nuclear changes during the differ-
entiation of animal cells. Symp. Soc. Exp. Biol. 17: 138-156.

FISCHBERG, M. and BLACKLER, A.W. (1963b) Loss of nuclear potentiality in the
soma versus preservation of nuclear potentiality in the germ line. Symp. Biol.
Organization. Academic Press, NY, London. pp. 111-127.

FISCHBERG, M., GURDON, J.B. and ELSDALE, T.R. (1958) Nuclear transplantation
in Xenopus laevis. Nature 181: 424.

FLAJNIK, M.F. and DU PASQUIER, L. (1988) MHC class I antigens as surface
markers of adult erythrocytes during the metamorphosis of Xenopus. Dev. Biol
128: 198-206.

FLAJNIK, M.F., KASHARA, M., SHUM, B.P., SALTER-CID, L., TAYLOR, E. and DU
PASQUIER, L. (1993) A novel type of class I gene organization in vertebrates: a
large family of non-MHC-linked class I genes is expressed at the RNA level in the
amphibian Xenopus. EMBO J. 12: 4385-4396.

FORSTER, HERNANDO, N.M., BIBER, J. and MURER, H. (1998) The voltage
dependence of a cloned mammalian renal type II Na/Pi cotransporter. J. Gen.
Physiol. 112: 1-18.

FRANKE, W.W., SCHEER, U., SPRING, H., TRENDELENBURG, M.F. and KROHNE,
G. (1976) Morphology of transcriptional units of rDNA. Evidence for transcription
in apparent spacer intercepts and cleavages in the elongating nascent RNA. Exp.
Cell Res. 100: 233-244.

GALLI, G., HOFSTETTER, H. and BIRNSTIEL, M.L. (1981) Two conserved sequence
blocks within eukaryotic tRNA genes are major promoter elements. Nature 294:
626-631.

GASCHE, P. (1943) Die Zucht von Xenopus laevis Daudin und ihre Bedeutung für die
biologische Forschung. Rev. Suisse de Zool. 50: 262-269.

GEERING, K., THEULAZ, I., VERREY, F., HAUPTLE, M.T. and ROSSIER, B.C.
(1989) A role for the beta subunit in the expression of functional Na+-K+-ATPase
in Xenopus oocytes. Am. J. Physiol. 257: C851-858.

GEORGIEV, O., MOUS, J. and BIRNSTIEL, M.L. (1984) Processing and nucleo-



60         D. Rungger

cytoplasmic transport of histone gene transcripts. Nucl. Acids Res. 12: 8539-8551.

GIGLIONI, B., GIANNI, A.M., COMI, P. OTTOLENGHI, S. and RUNGGER, D. (1973)
Translational control of globin synthesis by haemin in Xenopus oocytes. Nat. New
Biol. 246: 99-102.

GLOOR, H. and GURDON, J.B. (1989) Michaïl Fischberg. 2.6.1918-26.6.1988. Rev.
Suisse Zool.96: 231-238.

GÖRLICH, D. and MATTAJ, I.W. (1996) Nucleocytoplasmic transport. Science 271:
1513-1518.

GÖRLICH, D., MANTE, N., KUTAY, U., AEBI, U. and BISCHOFF, F.R. (1996)
Identification of different roles for RanGDP and RanGTP in nuclear protein import.
EMBO J 15: 5584-5594.

GRAF, J.D. (1989) Genetic mapping in Xenopus laevis: eight linkage groups estab-
lished. Genetics 123: 389-398.

GRAF, J.D. and KOBEL H.J. (1991) Genetics of Xenopus laevis. Methods Cell Biol. 36:
19-34.

GREEN, S., KUMAR, V., THEULAZ, I., WAHLI, W. and CHAMBON, P. (1988) The N-
terminal DNA-binding ‘zinc finger’ of the oestrogen and glucocorticoid receptors
determines target gene specificity. EMBO J. 7: 3037-3044.

GROSSCHEDL, R. and BIRNSTIEL, M.L. (1980) Identification of regulatory sequences
in the prelude sequences of a H2A histone gene by the study of specific deletion
mutants. Proc. Natl. Acad. Sci. USA: 1432-1436.

GRUSS, OJ., CARAZO-SALAS, R.E., SCHATZ. C.A., GUARGUAGLINI, G., KAST, J.,
WILM, M., LE BOT, N., VERNOS, I., KARSENTI, E. and MATTAJ, I.W. (2001) Ran
induces spindle assembly by reversing the inhibitory effect of importin alpha on
TPX2 activity. Cell 104: 83-93.

GURDON, J. (1961) The transplantation of nuclei between two subspecies of Xenopus
laevis. Heredity 16: 305-315.

GURDON, J.B. AND HOPWOOD, N. (2000) The introduction of Xenopus laevis into
developmental biology: of empire, pregnancy testing and ribosomal genes. Int. J.
Dev. Biol. 44: 43-50.

GURDON, J.B. and UEHLINGER, V. (1966) “Fertile” intestine nuclei. Nature 210. 1240-
1241.

GURDON, J.B., ELSDALE, T.R. and FISCHBERG, M. (1958) Sexually mature individu-
als of Xenopus laevis from the transplantation of single somatic cell nuclei. Nature
182: 64-65.

GURDON, J.B., LANE, C.D., WOODLAND, H.R. and MARBAIX, G. (1971) Use of frog
eggs and oocytes for the study of messenger RNA and its translation in living cells.
Nature 233: 177-182.

HADJI-AZIMI, I. (1969) Electrophoretic study of the serum proteins of normal and
‘lymphoid-tumor’ bearing Xenopus. Nature 221: 264-265.

HADJI-AZIMI, I. (1973) Serum immunoglobulin contents in normal and lymphoid tumor-
bearing Xenopus laevis. Cancer Res. 33: 1172-1182.

HADJI-AZIMI, I. (1979) Anuran immunoglobulins. A review. Dev. Comp. Immunol. 3:
233-243.

HADJI-AZIMI, I. and PARINELLO, N. (1978) The simultaneous production of two
classes of cytoplasmic immunoglobulins by single cells in Xenopus laevis. Cell.
Immunol. 39: 316-324.

HADJI-AZIMI, I., COOSEMANS V. and CANICATTI, C. (1987) Atlas of adult Xenopus
laevis hematology. Dev. Comp. Immunol. 11: 807-874.

HADJI-AZIMI, I., COOSEMANS V. and CANICATTI, C. (1990) B-lymphocyte popula-
tions in Xenopus laevis. Dev. Comp. Immunol. 14: 69-84.

HAGENBUCH, B., STIEGER, B., FOGUET, M., LUBBER T, H. and MEIER, P.J. (1991)
Functional expression cloning and characterization of the hepatocyte Na+/bile acid
cotransport system. Proc. Natl. Acad. Sci. USA 88: 10629-10633.

HAN, Y., PRALONG-ZAMOFING, D., ACKERMANN, U. and GEERING, K. (1991)
Modulation of Na,K-ATPase expression during early development of Xenopus
laevis. Dev. Biol. 145: 174-181.

HASLER, U., WANG, X., CRAMBERT, G., BEGUIN, P., JAISSER, F., HORISBERGER,
J.D. and GEERING, K. (1998) Role of the beta-subunit in the assembly, stable
expression, intracellular routing, and functional properties of Na,K-ATPase. J. Biol.
Chem. 273: 30826-30835.

HEDIGER, M.A., COADY, M.J., IKEDA, T.S. and WRIGTH, E.M. (1987) Expression
cloning and cDNA sequencing of the Na+/glucose co-transporter. Nature 330: 379-
381.

HELBLING, P.M., SAULNIER, D.M. and BRANDLI, A.W. (2000) The receptor tyrosine

kinase EphB4 and ephrin-B ligands restrict angiogenic growth of embryonic veins
in Xenopus laevis. Development 127: 269-278.

HENTSCHEL, C., IRMINGER, J.C., BUCHER, P.H. and BIRNSTIEL, M.L. (1980) Sea
urchin histone mRNA termini are located in gene regions downstream of putative
regulatory sequences. Nature 285: 147-151.

HETZER, M. and MATTAJ, I.W. (2000) An ATP-dependent, Ran-independent mecha-
nism for nuclear import of the U1A and U2B” spliceosome proteins. J. Cell. Biol. 148:
293-303.

HIPSKIND, R.A. and CLARKSON, S.G. (1983) 5’-flanking sequences that inhibit in
vitro transcription of a Xenopus laevis tRNA gene. Cell 34: 881-890.

HOFSTETTER, H., KRESSMANN, A.S. and BIRNSTIEL, M.L. (1981) A split promoter
for a eukaryotic tRNA gene. Cell 24: 573-585.

HOLEWA, B., ZAPP, D., DREWES, T., SENKEL, S. and RYFFEL, G.U. (1997)
HNF4beta, a new gene of the HNF4 family with distinct activation and expression
profiles in oogenesis and embryogenesis of Xenopus laevis. Mol. Cell Biol. 17:
687-694.

HOPERSKAYA, O.A. (1975) The development of animals homozygous for a mutation
causing periodic albinism (ap) in Xenopus laevis. J. Embryol. exp. Morph. 34: 253-
264.

HORISBERGER, J.D. and WANG, X. (1997) The Na,K-pump as a channel. A new
approach to study the structure-function relationship of a P-type ATPase. Proc.
Natl. Acad. Sci. USA 834: 244-250.

HOSBACH, H.A., WYLER, T. and WEBER, R. (1983) The Xenopus laevis globin gene
family: chromosomal arrangement and gene structure. Cell 32: 45-53.

IZAURRALDE E., LEWIS, J., GAMBERI, C., JARMOLOWSKI, A., MC GUIGAN, C.
and MATTAJ, I.W. (1995) A cap-binding protein complex mediating U snRNA
export. Nature 376: 709-712.

JACQUEMIN, E., HAGENBUCH, B., STIEGER, B., WOLKOFF, A.W. and MEIER,
P.J. (1991) Expression of the hepatocellular chloride-dependent sulfobromophtalein
uptake system in Xenopus laevis oocytes. J. Clin. Invest. 88: 2146-2149.

JACQUEMIN, E., HAGENBUCH, B., STIEGER, B., WOLKOFF, A.W. and MEIER,
P.J. (1994) Expression of a rat liver NA(+)-independent organic anion transporter.
Proc. Natl. Acad. Sci. USA 91: 133-137.

JARMOLOWSKI, A., BOELENS, W.C., IZAURRALDE, E. and MATTAJ, I.W. (1994)
Nuclear export of different classes of RNA is mediated by specific factors. J. Cell
Biol. 124: 627-635.

JARNIK, M. and AEBI, U. (1991) Towards a 3-D model of the nuclear pore complex.
J. Struct. Biol. 107: 291-308.

JENSEN, PK., LEHMANN, FE. and WEBER, R. (1956) Catheptic activity in the
regenerating tail of Xenopus larvae and its reaction to histostatic substances.
Helv. physiol. phamacol. Acta 14: 188-201.

JUST, J.J., SCHWAGER, J., WEBER, R., FAY, H. and PFISTER, H. (1980) Immuno-
logical analysis of hemoglobin transition during metamorphosis of normal and
isogenic Xenopus. Wilhelm Roux’s Archives 188: 75-80.

KLOC, M., SPOHR, G. and ETKIN, L.D. (1993) Translocation of repetitive RNA
sequences with the germ plasm in Xenopus oocytes. Science 262: 1712-1714.

KNOWLAND, J., THEULAZ, I., WRIGHT, C.V. and WAHLI, W. (1984) Injection of
partially purified estrogen receptor protein from Xenopus liver nuclei into oocytes
activates the silent vitellogenin locus. Proc. Natl. Acad. Sci. USA 81: 5777-5781.

KOBEL, H.R. (1996) Allopolyploid speciation. In The biology of Xenopus (68th

Symposium of the Zoological Society of London). (Eds RC. Tinsley, RC. and HR.
Kobel). Oxford, Clarendon Press. pp. 391-401.

KOBEL, H.R. and DU PASQUIER, L. (1975) Production of large clones of histocom-
patible, fully identical clawed toads (Xenopus). Nature 279: 157-158.

KOBEL, H.R. and DU PASQUIER, L. (1979) Hyperdiploid species hybrids for gene
mapping in Xenopus. Nature 279: 157-158.

KOBEL, H.R. and DU PASQUIER, L. (1986) Genetics of polyploid Xenopus. Trends
Genet. 2: 310-315.

KOBEL, H.R. and WOLFF, J. (1983) Two transitions of haemoglobin expression in
Xenopus from embryonic to larval and from larval to adult. Differentiation 24: 24-26.

KOBEL, H.R., BARANDUN, B. and THIEBAUD, C.H. (1998) Mitochondrial rDNA
phylogeny in Xenopus. Herpet. J. 8: 13-17.

KOBEL, H.R., BRUN, R.B. and FISCHBERG, M. (1973) Nuclear transplantation with
melanophores, ciliated epidermal cells, and the established cell-line A8 in Xeno-
pus laevis. J. Embryol. exp. Morphol. 29: 539-547.



Xenopus helveticus         61

KOBEL, H.R., LOUMONT, C. and TINSLEY, R.C. (1996) The extant species. In The
biology of Xenopus (68th Symposium of the Zoological Society of London). (Eds
RC. Tinsley and HR. Kobel). Oxford Clarendon Press. pp. 9-33.

KRESSMANN, A. and BIRNSTIEL, M.L. (1980) Surrogate genetics in the frog oocyte.
In Transfer of cell constituents into eukaryotic cells. NATO Advanced Study
Institutes 31: 383-407.

KRESSMANN, A., CLARKSON, S.G., PIRROTTA, V. and BIRNSTIEL, M.L. (1978).
Transcription of cloned tRNA gene fragments and subfragments injected into the
oocyte nucleus of Xenopus laevis. Proc. Natl. Acad. Sci. USA 75: 1176-1180.

KRESSMANN, A., HOFSTETTER, H., DI CAPUA, E., GROSSCHEDL, R. and
BIRNSTIEL, M.L. (1979) A tRNA gene of Xenopus laevis contains at least two sites
promoting transcription. Nucl. Acids Res. 7: 1749-1763.

KREY, G., KELLER, H., MAHFOUDI, A., MEDIN, J., OZATO, K., DREYER, C. and
WAHLI, W. (1993) Xenopus peroxisome proliferator activated receptors: genomic
organization, response element recognition, heterodimer formation with retinoid
X receptor and activation by fatty acids. J. Steroid Biochem. Mol. Biol. 47: 65-73.

LABHART, P. and KOLLER, T. (1982) Structure of the active nucleolar chromatin of
Xenopus laevis oocytes. Cell 28: 279-292.

LABHART, P. and REEDER, R.H. (1987) Ribosomal precursor 3’ end formation
requires a conserved element upstream of the promoter. Cell 50: 51-57.

LAMBERT, G., FORSTER, IC., STANGE, G., BIBER, J. and MURER, H. (1999)
Properties of the mutant S460C implicate this site in a functionally important region
of the type IIa Na-Pi cotransporter protein. J. Gen. Physiol. 114: 637-652.

LIN-MARQ, N. and CLARKSON, S.G. (1998). Efficient synthesis, termination and
release of RNA polymerase III transcripts in Xenopus extracts depleted of La
protein. EMBO J. 17: 2033-2041.

LOENING, U.E., JONES, K.W. and BIRNSTIEL, M.L. (1969) Properties of the
ribosomal RNA precursor in Xenopus laevis; comparison to the precursor in
mammals and plants. J. Mol. Biol. 45: 353-366.

LONG, E. and CRIPPA, M. (1976) DNA-dependent RNA polymerase C from Xenopus
laevis ovaries: formation of stable heparin-resistant DNA-binding complexes.
FEBS Lett. 72: 76-70.

LUCAS, I., CHEVRIER-MILLER, M., SOGO, J.M. and HYRIEN, O. (2000) Mecha-
nisms ensuring rapid and complete DNA replication despite random initiation in
Xenopus early embryos. J. Mol. Biol. 296: 769-786.

LUCCHINI, R. and SOGO, J.M. (1992) Different chromatin structures along the
spacers flanking active and inactive Xenopus rDNA genes. Mol. Cell. Biol. 12:
4288-44296.

MACH, B., FAUST, C.F., VASSALLI, P. and RUNGGER, D. (1973) Different size of
the product of the 14S light chain mRNA translated in vitro and in amphibian
oocytes. Mol. Biol. Rep. 1: 3-6.

MADON, J., ECKHARDT, U., GERLOFF, T., STIEGER, B. and MEIER, P.J. (1997)
Functional expression of the rat liver canalicular isoform of the multidrug resis-
tance-associated protein. FEBS Lett. 406: 75-78.

MAGAGNIN, S., WERNER, A., MARKOVICH, D., SORRIBAS, V., BIBER, J. and
MURER, H. (1993) Expression cloning of human and rat renal cortex Na/Pi-
cotransport. Proc. Natl. Acad. Sci. USA 90: 5979-5983.

MARKOVICH, D., FORGO, J., STANGE, G., BIBER, J. and MURER, H. (1993)
Expression cloning of rat renal Na/SO4-cotransport. Proc. Natl. Acad. Sci. USA
90: 8073-8077.

MARSDEN, M.P. and LAEMMLI, U.K. (1979) Metaphase chromosome structure:
evidence for a radial loop model. Cell 17: 849-858.

MARTINEZ, E. and WAHLI, W. (1989) Cooperative binding of estrogen receptor to
imperfect estrogen-responsive DNA elements correlates with their synergistic
hormone-dependent enhancer activity. EMBO J. 8: 3781-3791.

MARTINEZ, E., GIVEL, F. and WAHLI, W. (1987) The estrogen-responsive element
as an inducible enhancer: DNA sequence requirements and conversion to a
glucocorticoid-responsive element. EMBO J. 6: 3719-3727.

MASTROBERARDINO, L., SPINDLER, B., FORSTER, I., LOFFING, J., ASSANDRI,
R., MAY, A. and VERREY, F. (1998a) Ras pathway activates epithelial Na+
channel and decreases its surface expression in Xenopus oocytes. Mol. Biol. Cell
9: 3417-3427.

MASTROBERARDINO, L., SPINDLER, B., PFEIFFER, R., SKELLY, P.J., LOFFING,
J., SHOEMAKER, C.B. and VERREY, F. (1998b) Amino acid transport by
heterodimers of 4F2hc/CD98 and members of a permease family. Nature 395:
288-291.

MATSUO, K., SILKE, J., GEORGIEV, O., MARTI, P., GIOVANNINI, N. and RUNGGER,
D. (1998) An embryonic demethylation mechanism involving binding of transcrip-
tion factors to replicating DNA. EMBO J. 17: 1446-1453.

MATTAJ, I.W. and DE ROBERTIS, E.M. (1985) Nuclear segregation of U2 snRNA
requires binding of specific snRNP proteins. Cell 40: 111-118.

MATTAJ, I.W., LIENHARD, S., ZELLER, R. and DE ROBERTIS, E.M. (1983) Nuclear
exclusion of transcription factor IIIA and the 42S particle transfer RNA-binding
protein in Xenopus oocytes: a possible mechanism for gene control? J. Cell Biol.
97: 1261-1265.

MATTAJ, I.W., ZELLER, R., CARRASCO, A.E., JAMRICH, M., LIENHARD, S. and DE
ROBERTIS, E.M. (1985) U snRNA gene families in Xenopus laevis. Oxf. Surv.
Eukaryot. Genes 2: 121-140.

MATUS, A. (1990) Microtubule-associated proteins and the determination of neuronal
form. J. Physiol. (Paris) 84: 134-137.

MAY, F.B., RYFFEL, G.U., WEBER, R. and WESTLEY, B.R. (1982) Estrogen
dramatically decreases albumin mRNA levels and albumin synthesis in Xenopus
laevis liver. J. Biol. Chem. 257: 13919-13929.

MAY, FB., WESTLEY, BR., WYLER, T. and WEBER, R. (1983) Structure and
evolution of the Xenopus laevis albumin genes. J. Mol. Biol. 168: 229-249.

MAZABRAUD, A., SCHERLY, D., MULLER, F., RUNGGER, D. and CLARKSON,
S.G. (1987) Structure and transcription termination of a lysine tRNA gene from
Xenopus laevis. J. Mol. Biol. 195: 835-845.

MEIER, F., SUTER, B., GROSJEAN, H., KEITH, G. and KUBLI, E. (1985) Queuosine
modification of the wobble base in tRNA His influences ‘in vivo’ decoding
properties. EMBO J. 4: 823-827.

MERTZ, J.E. and GURDON, J.B. (1977) Purified DNAs are transcribed after
microinjection into Xenopus oocytes. Proc. Natl. Acad. Sci. USA 74: 1502-1506.

MODAK, S.P., PRINCIPAUD, E. and SPOHR, G. (1993) Regulation of Xenopus c-
myc promoter activity in Xenopus oocytes and embryos. Oncogene 8: 645-654.

MOORMAN, A.F.M., DE LAAF, R.T.M., DESTREE, O.H.J., TELFORD, J. and
BIRNSTIEL, M.L. (1980) Histone genes from Xenopus laevis: molecular cloning
and initial characterization. Proc. Natl. Acad. Sci. USA 77:7102-7106.

MOSS, T. (1982) Transcription of cloned Xenopus laevis ribosomal DNA microin-
jected into Xenopus oocytes, and the identification of a RNA polymerase I
promoter. Cell 30: 835-842.

MOSS, T. (1983) A transcriptional function for the repetitive ribosomal spacer in
Xenopus laevis. Nature 302: 223-228.

MOSS, T. and BIRNSTIEL, M.L. (1979) The putative promoter of a Xenopus laevis
ribosomal gene is reduplicated. Nucl. Acids Res. 6: 3733-3743.

MOUZAKI, A. and RUNGGER, D. (1994) Properties of transcription factors regu-
lating interleukin-2 transcription through the NFAT binding site in untreated or
drug-treated naive and memory T-helper cells. Blood 84: 2612-2621.

MOUZAKI, A., DOUCET, A., MAVROIDIS, E., MUSTER, L. and RUNGGER, D.
(2000) A repression-derepression mechanism regulating the transcription of
human immunodeficiency virus type 1 in primary T cells. Mol. Med. 6: 377-390.

NICHOLS, A., RUNGGER-BRANDLE, E., MUSTER, L. and RUNGGER, D. (1995)
Inhibition of Xhox1a gene expression in Xenopus embryos by antisense RNA
produced from an expression vector read by RNA polymerase III. Mech. Dev.
52: 37-49.

PALACIOS, I., HETZER, M., ADAM, S.A. and MATTAJ, I.W. (1997) Nuclear import
of U snRNPs requires importin beta. EMBO J. 16: 6783-6792.

PANTE, N. and AEBI, U. (1993) The nuclear pore complex. J. Cell Biol. 122: 977-984.

PANTE, N. and AEBI, U. (1996) Sequential binding of import ligands to distinct
nucleopore regions during their nuclear import. Science 273: 1729-1732.

PAULSON, J.R. and LAEMMLI, U.K. (1977) The structure of histone-depleted
metaphase chromosomes. Cell 12: 817-828.

PERKOWSKA, E., MACGREGOR, H.C. and BIRNSTIEL, M.L. (1968) Gene am-
plification in the oocyte nucleus of mutant and wild-type Xenopus laevis. Nature
217: 649-650.

PFEIFFER, R., LOFFING, J., ROSSIER, G., BAUCH, C., MEIER, C., EGGERMANN,
T., LOFFING-CUENI, D., KUHN, L. and VERREY, F. (1999a) Luminal
heterodimeric amino acid transporter defective in cystinuria. Mol. Biol. Cell 10:
4135-4147.

PFEIFFER, R., ROSSIER, G., SPINDLER, B., MEIER, C., KUHN, L. and VERREY, F.
(1999b) Amino acid transport of y+L type by heterodimers of 4F2hc/CD98 and



62         D. Rungger

members of the glycoprotein-associated amino acid transporter family. EMBO J.
18: 49-57.

PICARD, F., BERTRAND, S., STEINLEIN, O.K. and BERTRAND, D. (1999) Mutated
nicotinic receptors responsible for autosomal dominant nocturnal frontal lobe
epilepsy are more sensitive to carbamazepine. Epilepsia 40: 1198-1209.

POGGE VON STRANDMANN, E. and RYFFEL, G.U. (1995) Developmental expres-
sion of the maternal protein XDCoH, the dimerization cofactor of the homeoprotein
LFB1 (HNF1). Development 121: 1217-1226.

REICHELT, R., HOLZENBURG, A., BUHLE, J.R., EL., JARNIK, M., ENGEL, A. and
AEBI, U. (1990) Correlation between structure and mass distribution of the nuclear
pore complex, and of distinct pore complex components. J. Cell Biol. 110: 883-894.

REITH, W. and SPOHR, G. (1984) Identification of Xenopus laevis mRNAs with
homology to repetitive sequences. Nucl. Acids Res. 12: 8899-8916.

REVAH, F., BERTRAND, D., GALZI, J.L., DEVILLIERS-THIERY, A., MULLE, C.,
HUSSY, N., BERTRAND, S., BALLIVET, M. and CHANGEUX, J.P. (1991)
Mutations in the channel domain alter desensitization of a neuronal nicotinic
receptor. Nature 353:846-849.

ROBERT, J., GUIET, C. and DU PASQUIER, L. (1994) Lymphoid tumors of Xenopus
laevis with different capacities for growth in larvae and adults. Dev. Immunol. 3:
297-307.

ROCHAIX, J.D., BIRD, A. and BAKKEN, A. (1974) Ribosomal RNA gene amplification
by rolling circles. J. Mol. Biol. 87: 473-487.

RUBENS, L. and BALLS, M. (1964) Genetic disparity and cancer induction by normal
tissue implants in amphibia. Science 146: 1321-1322.

RUNGGER, D. and CRIPPA, M. (1977) In vivo transcription of the spacer sequences
of rDNA in Xenopus. Exp. Cell Res. 107: 227-237.

RUNGGER, D., ACHERMANN, H. and CRIPPA, M. (1979a) Transcription of spacer
sequences in genes coding for ribosomal RNA in Xenopus cells. Proc. Natl. Acad.
Sci. USA 76: 3957-3961.

RUNGGER, D., CRIPPA, M., TRENDELENBRUG, M.F., SCHEER, U. and FRANKE,
W.W. (1978) Visualization of rDNA spacer transcription in Xenopus oocytes
treated with fluorouridine. Exp. Cell Res. 116: 481-486.

RUNGGER, D., MUSTER, L., BOECK, R. and NICHOLS, A. (1990) Tissue specific
trans-activation of the rabbit beta-globin promoter in Xenopus oocytes. Differen-
tiation 44: 8-17.

RUNGGER, D., RUNGGER-BRANDLE, E., CHAPONNIER, C. and GABBIANI, G.
(1979b) Intranuclear injection of anti-actin antibodies into Xenopus oocytes blocks
chromosome condensation. Nature 282: 320-321.

RUNGGER-BRANDLE, E., ACHTSTATTER, T. and FRANKE, W.W. (1989) An
epithelium-type cytoskeleton in a glial cell: astrocytes of amphibian optic nerves
contain cytokeratin filaments and are connected by desmosomes. J. Cell Biol. 109:
705-716.

RUNGGER-BRANDLE, E., ALLIOD, C., FOUQUET, B. and MESSERLI, M. (1995)
Behaviour of macroglial cells, as identified by their intermediate filament comple-
ment, during optic nerve regeneration of Xenopus tadpole. Glia 13: 255-271.

RUSCONI, S. and SCHAFFNER, W. (1981) Transformation of frog embryos with a
rabbit β-globin gene. Proc. Natl. Acad. Sci. USA 78: 5051-5055.

RYFFEL, G.U. and LINGOTT, A. (2000) Distinct promoter elements mediate endoder-
mal and mesodermal expression of the HNF1alpha promoter in transgenic
Xenopus. Mech. Dev. 90: 65-75.

RYFFEL, G.U., WAHLI, W. and WEBER, R. (1977) Quantitation of vitellogenin
messenger RNA in the liver of male Xenopus toads during primary and secondary
stimulation by estrogen. Cell 11: 213-221.

RYFFEL, G.U., WYLER, T., MUELLENER, D.B. and WEBER, R. (1980) Identification,
organization and processing intermediates of the putative precursors of Xenopus
vitellogenin messenger RNA. Cell 19: 53-61.

SADAGHIANI, B. and THIEBAUD, C.H. (1987) Neural crest development in the
Xenopus laevis embryo, studied by interspecific transplantation and scanning
electron microscopy. Dev. Biol. 124: 91-110.

SANDMEIER, E., GYGI, D., WYLER, T., NYFENEGGER, U. and WEBER, R. (1986)
Analysis of globin transition in Xenopus laevis and identification of globins by in
vitro translation of hybrid-selected mRNA. FEBS Lett. 205: 219-222.

SCALENGHE, F., BUSCAGLIA, M., STEINHEIL C. and CRIPPA, M. (1978) Large
scale isolation of nuclei and nucleoli from vitellogenic oocytes of Xenopus laevis.
Chromosoma 66: 299-308.

SCHAFFNER, W., KUNZ, G., DAETWYLER, H., TELFORD, J., SMITH, H.O. and
BIRNSTIEL, M.L. (1978) Genes and spacers of cloned sea urchin histone DNA
analyzed by sequencing. Cell 14: 655-671.

SCHERLY, D., STUTZ, F., LIN-MARQ, N. and CLARKSON, S.G. (1993) La proteins
from Xenopus laevis. cDNA cloning and developmental expression. J. Mol. Biol.
231. 196-204.

SCHIBLER, U. and WEBER, R. (1974) A new method for the isolation of undegraded
nuclear and cytoplasmic RNA from liver of Xenopus larvae. Analyt. Biochem. 58:
225-230.

SCHIBLER, U., HAGENBUCHLE, O. WYLER, T., WEBER, R., BOSELEY, P.,
TELFORD, J. and BIRNSTIEL, M.L. (1976) The arrangement of the 18S and
28S ribosomal nucleic acids within the 40S precursor molecule of X. laevis. Eur.
J. Biochem. 68: 471-480.

SCHILD, C., CLARET, F.X., WAHLI, W. and WOLFFE, A.P. (1993) A nucleosome-
dependent static loop potentiates estrogen-regulated transcription from the
Xenopus vitellogenin B1 promoter in vitro. EMBO J. 12: 423-433.

SCHLAICH, N.L., HANER, M., LUSTIG, A., AEBI, U. and HURT, E. (1997) In vitro
reconstitution of a heterodimeric nucleoporin complex consisting of recombi-
nant Nsp1p, Nup49p and Nup57p. Mol Biol. Cell 8: 33-46.

SCHMIDT-ZACHMANN, M.S., DARGEMONT, C., KUHN, L.C. and NIGG, E.A.
(1993) Nuclear export of proteins: the role of nuclear retention, Cell 74: 493-504.

SCHMITT, C., VON KOBBE, C., BACHI, A., PANTE, N., RODRIGUES, J.P.,
BOSCHERON, C., RIGAUT, G., WILM, M., SERAPHIN, B., CARMO-FONSECA,
M. and IZAURRALDE, E. (1999) Dbp5, a DEAD-box protein required for RNA
export, is recruited to the cytoplasmic fibrils of nuclear pore complex via a
conserved interaction with CAN/Nup159p. EMBO J. 18: 4332-4347.

SCHORDERET-SLATKINE, S., SCHORDERET, M. and BEAULIEU, E. (1976)
Initiation of meiotic maturation in Xenopus laevis oocytes by lanthanum. Nature
262: 289-290.

SCHORDERET-SLATKINE, S., SCHORDERET, M. and BEAULIEU, E. (1982)
Cyclic AMP-mediated control of meiosis: effects of progesterone, cholera toxin,
and membrane-active drugs in Xenopus laevis oocytes. Proc. Natl. Acad. Sci.
USA 79: 850-854.

SCHORDERET-SLATKINE, S., SCHORDERET, M., BOQUET, P., GODEAU, M.
and BEAULIEU, E. (1978) Progesterone-induced meiosis in Xenopus laevis
oocytes: a role for cAMP at the ‘maturation-promoting factor’ level. Cell 15:
1269-1275.

SCHWAGER, J., BURCKERT, N., COURTET, M. and DU PASQUIER, L. (1991)
The ontogeny of diversification at the immunoglobulin heavy chain locus in
Xenopus. EMBO J. 10: 2461-2470.

SHEPHERD J.C., MCGINNIS, W., CARRASCO, A.E., DE ROBERTIS, E.M. and
GEHRING, W.J. (1984) Fly and frog homeodomains show homologies with
yeast mating type regulatory proteins. Nature 310: 70-71.

SIGEL, E. (1990) The use of Xenopus oocytes for the functional expression of
plasma membrane proteins. J. Membrane Biol. 117: 201-221.

SIGEL, E. (2001) Microinjection into Xenopus oocytes. Encyclopedia of Life
Sciences http://www.els.net London, Nature Publishing Group

SIGEL, E., BAUR, R., TRUBE, G., MOHLER, H. and MALHERBE, P. (1990) The
effect of subunit combination of rat brain GABAA receptors on channel function.
Neuron 5: 703-711.

SPEIRS,J. and BIRNSTIEL, M.L. (1974) Arrangement of the 5.8S RNA cistrons in
the genome of Xenopus laevis. J. Mol. Biol. 87: 237-256.

SPOHR, G., REITH, W. and SURES, I. (1981) Organization and sequence analysis
of a cluster of repetitive DNA elements from Xenopus laevis. J. Mol. Biol. 151:
573-592.

STEFANOVIC, B., HACKL, W., LUHRMANN, R. and SCHUMPERLI, D. (1995a)
Assembly, nuclear import and function of U7 snRNPs studied by microinjection
of synthetic U7 RNA into Xenopus oocytes. Nucl. Acids, Res. 23: 3141-3151.

STEFANOVIC, B., WITTOP KONING, T.H. and SCHUMPERLI, D. (1995b) A
synthetic histone pre-mRNA-U7 small nuclear RNA chimera undergoing cis
cleavage in the cytoplasm of Xenopus oocytes. Nucl. Acids, Res. 23: 3152-
3160.

STRUB, K., GALLI, G., BUSSLINGER, M. and BIRNSTIEL, M.L. (1984) The cDNA
sequences of the sea urchin U7 small nuclear RNA suggest specific contacts
between histone mRNA precursor and U7 RNA during RNA processing. EMBO
J. 3: 2801-2807.



Xenopus helveticus         63

STUNNENBERG, H.G. and BIRNSTIEL, M.L. (1982) Bioassay for components
regulating eukaryotic gene expression: a chromosomal factor involved in the
generation of histone mRNA 3’ termini. Proc. Natl. Acad. Sci. USA 79: 6201-
6204.

STUTZ, F. and SPOHR, G. (1986) Isolation and characterization of sarcomeric
actin genes expressed in Xenopus laevis embryos. J. Mol. Biol. 187: 349-361.

STUTZ, F., GOUILLOUD, E. and CLARKSON, S.G. (1989) Oocyte and somatic
tyrosine tRNA genes in Xenopus laevis. Genes Dev. 3: 1190-1198.

TELFORD, J.L., KRESSMANN, A., KOSKI, R.A., GROSSCHEDL, R., MUELLER,
F., CALRKSON, S.G. and BIRNSTIEL, M.L. (1979) Delimitation of a promoter
for RNA polymerase III by means of a functional test. Proc. Natl. Acad. Sci. USA
76: 2590-2594.

THEULAZ, I., HIPSKIND, R., TEN HEGGELER-BORDIER, B., GREEN, S., KUMAR,
V., CHAMBON, P. and WAHLI, W. (1988) Expression of human estrogen
receptor mutants in Xenopus oocytes: correlation between transcriptional
activity and ability to form protein-DNA complexes. EMBO J. 7: 1653-1660.

THIEBAUD, C.H. (1983) A reliable new cell marker in Xenopus. Dev. Biol. 98: 245-
249.

THIEBAUD, C.H. and FISCHBERG, M. (1977) DNA content in the genus Xenopus.
Chromosoma 59: 253-257

THOMA. F., KOLLER, T. and KLUG, A. (1979) Involvement of histone H1 in the
organization of the nucleosome and of the salt-dependent superstructures of
chromatin. J. Cell Biol. 83: 403-427.

TYMOWSKA, J. (1991) Polyploidy and cytogenetic variation in frogs of the genus
Xenopus. In Amphibian cytogenetics and evolution (Eds DM. Green, SK.
Sessions) Academic press, San Diego. pp259-297.

VALERA, S., BALLIVET. M. and BERTRAND, D. (1992) Progesterone modulates
a neuronal nicotinic acetylcholine receptor. Proc. Natl. Acad. Sci. USA 89: 9949-
9950.

VALLET, V., CHARIBI, A., GAEGGELER, H.P., HORISBERGER, J.D. and ROSSIER,
B.C. (1997) An epithelial serine protease activates the amiloride-sensitive
sodium channel. Nature 389: 607-610.

VIERECK, C. and MATUS, A. (1990) The expression of phosphorylated forms of
MAP5 in the amphibian CNS. Brain Res. 508: 257-264.

VOELLMY, R. and RUNGGER, D. (1982) Transcription of a Drosophila heat shock
gene is heat-induced in Xenopus oocytes. Proc. Natl. Acad. Sci. USA 79: 1776-
1780.

VOELLMY, R., AHMED, A., SCHILLER, P., BROMLEY, P. and RUNGGER, D.
(1985) Isolation and functional analysis of a human 70’000-dalton heat shock
protein gene segment. Proc. Natl. Acad. Sci. USA 82: 4949-4953.

WABL, M.R., BRUN, R.B. and DU PASQUIER, L. (1975) Lymphocytes of the toad
Xenopus laevis have the gene set for promoting tadpole development. Science
190: 1310-1312.

WAHLI, W. (1988) Evolution and expression of vitellogenin genes. Trends Genet.
4: 227-232.

WAHLI, W. and RYFFEL, G. (1985) Xenopus vitellogenin genes. In Oxford surveys
on eukaryotic genes (Ed. N. McLean) Vol. 2. pp. 96-120.

WAHLI, W., DAWID, I.B., RYFFEL, G.U. and WEBER, R. (1981) Vitellogenesis and
the vitellogenin gene family. Science 212: 298-304.

WAHLI, W., DAWID, I.B., WYLER, T., WEBER, R. and RYFFEL, G.U. (1980)
Comparative analysis of the structural organization of two closely related
vitellogenin genes in X. laevis. Cell 20: 107-117.

WALLACE, H. and BIRNSTIEL, M.L. (1966) Ribosomal cistrons and the nucleolar
organizer. Biochem. Biophys. Acta 114: 296-310.

WEBER, R. (1952) Elektronenmikroskopische Untersuchungen an Leberzellen
von Xenopus laevis Daud. Rev. Suisse. Zool. 59: 21-108.

WEBER, R. (1954) Strukturveränderungen an isolierten Mitochondrien von Xeno-
pus Leber. Rev. Suisse. Zool. 62: 260-268.

WEBER, R. (1957) On the biological function of cathepsin in tail tissue of Xenopus
larvae. Experientia 13: 153-155.

WEBER, R. (1962) Induced metamorphosis in isolated tails of Xenopus larvae.
Experientia 18: 84.

WEBER, R. (1967) The biochemistry of amphibian metamorphosis In The biochem-
istry of animal development (Ed. R. Weber) New York, Academic press. Vol2.
pp227-301.

WEBER, R. (1970) Zur Wirkungsweise des Tyroxins in der Metamorphose. Hoppe
Seyler’s Z. physiol. Chem. 351: 782.

WEBER, R. (1994) Schweizer Pioniere der Entwicklungsbiologie. Rev. suisse Zool.
101: 887-904.

WEBER, R. (1996) Switching of globin genes during anuran metamorphosis. In
Metamorphosis: postembryonic reprogramming of gene expression in amphib-
ian and insect cells. (Eds LI. Gilbert, JR. Tata and BG Atkinson) New York,
Academic Press. pp567-597.

WILHELM, J., DINA, D. and CRIPPA, M. (1974) A special form of deoxyribonucleic
acid dependent ribonucleic acid polymerase from oocytes of Xenopus laevis.
Biochemistry 13: 1200-1208.

WILSON, M., HSU, E., MARCUZ, A., COURTET, M., DU PASQUIER, L. and
STEINBERG, C. (1992) What limits affinity maturation of antibodies in Xenopus
- the rate of somatic mutation or the ability to select mutants? EMBO J. 11: 4337-
4347.

XU, L., RUNGGER, D., GEORGIEV, O., SEIPEEL, K. and SCHAFFNER, W. (1994)
Different potential of cellular and viral activators of transcription revealed in
oocytes and early embryos of Xenopus laevis. Biol. Chem. Hoppe Seyler 375: 105-
112.

YOKOYAMA, N., HAYASHI, N., SEKI, T., PANTE, N., OHBA, T., NISHII, K., KUMA,
K., HAYADASHI, T., MIYATA, T., AEBI, U., FUKUI, M. and NISHIMOTO, T. (1995)
A giant nucleopore protein which binds Ran/TC4. Nature 376: 184-187.

ZELLER, R., CARRI, M.T., MATTAJ, I.W. and DE ROBERTIS, E.M. (1984) Xenopus
laevis U1 snRNA genes: characterization of transcriptionally active genes reveals
major and minor repeated gene families. EMBO J. 2: 1075-1081.

ZHANG, H., REYNAUD, S., KLOC, M., ETKIN, L.D. and SPOHR, G. (1995) Id gene
activity during Xenopus embryogenesis. Mech. Dev. 50: 119-130.

ZUO, J., RUNGGER, D. and VOELLMY, R. (1995) Multiple layers of regulation of
human heat shock transcription factor 1. Mol. Cell. Biol. 15: 4319-4330.


