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1. Introduction

1.1 Imperative roles of Developmental Biology 

The understanding of mechanisms of the embryonic development, in particular, controls of differential gene expression, has grown dramatically within last two decades. Recently two exciting topics have brought attention to the whole scientific community and, via the media, to a wider world audience: the isolation and culture of human stem cells (Shamblott et al. 1998; Thomson et al. 1998) for potential use in transplantation medicine (for review, see Tiedemann et al., 2001) and the cloning of Dolly, a sheep generated with a nucleus from an adult cell (Wilmut et al., 1997). This increase in the understanding of embryonic development and cell differentiation will have a tremendous impact on developmental and biomedical research and on the way the medicine is practiced.

In the last century, the Nobel Prize for physiology and Medicine has been issued to developmental biologists twice. Hans Spemann and his assistant Hilde Mangold were awarded this honor in 1935 for their famous organizer transplantation experiment (for review, see Trendelenburg and Grunz, 1996), and Edward Lewis, Christiane Nüsslein-Volhard and Eric Wieschaus in 1995 for their discoveries in Drosophila that led to a fundamental understanding of how genes control development in fly embryos (for review, see Lewis, 1998). Almost 80 years after the discovery of Spemann organizer, insights into developmental biology have been expanded from the cellular to the molecular level. A large number of genes involved in the early embryogenesis have been identified and characterized. And the developmental processes can be simply explained in terms of “switching on or off” gene expression. Moreover, with the completion of genome sequences of humans and of several other species, one of research attentions is now focusing on the functions of genes which are involved in developmental pathways.

The goal of this study is to isolate genes involved in early embryonic development in Xenopus laevis, and furthermore to explore how these genes direct the complex developmental processes and the corresponding genetic controls.

1.2 Xenopus laevis as a model system for embryogenesis 

Several animal model systems are used for studying early embryogenesis including Xenopus laevis, Caenorhabditis elegans, Drosophila, zebrafish, the chick and the mouse. Xenopus laevis, the South African clawed toad with large quantities of embryos year-round, turned out be a very suitable laboratory animal which could easily be maintained and induced to spawn with a simple gonadothropic hormone injection. As a potential and excellent model organism for investigating the mechanisms of development, it has large embryos which are accessible at all developmental stages, develop rapidly in simple salt solutions at ambient conditions and heal well after surgery, making possible the grafting and tissue explant experiments. An added advantage is that gain-of-function experiments can be carried out by overexpression of the injected mRNA. Despite unavailable for genetic manipulations, loss-of-function studies are practicable in Xenopus laevis by using dominant negative mutants of growth factors and receptors and transcription factors fused with the known activation or repression domains. Alternatively knockout studies in Xenopus laevis carried out with antisense oligonucleotides (Baker et al., 1990), antisense RNA (Harland and Weintraub, 1985) and morpholino (Heasman et al., 2000; Zhao et al., 2001) have been proved available. Moreover, the introduction of transgenic techniques to Xenopus laevis has exploited the potential of this model system for studying zygotic effects of the transgene expression and for characterizing the regulatory sequences of promoters (Chan and Gurdon, 1996; Kroll and Amaya, 1996). A gene trap approach based on the transgenic techniques were also carried out successfully to produce mutagenesis in Xenopus laevis, leading to a possibility to identify novel genes with respect to mutant phenotypes. However, there are also some limitations of Xenopus laevis as a model of embryogenesis which should be considered. For example, it is a tetraploid species that does not favor genetic analyses. While in studying early embryogenesis, it is possible to complement deficiencies of individual systems by using a combination of different developmental models. Xenopus tropicalis is a diploid and has a much shorter generation time, which likely makes compensation for the disadvantages. The integration of unlimited information from different developmental model systems will undoubtedly provide perspectives in the elucidation of gene functions, thus aids in the understanding of early embryonic development.

In addition, Xenopus laevis has also been successfully employed in the study of tumorigenesis which on the other hand sheds light for studying the embryogenesis. For example, the viral oncogene that encodes polyoma middle T was found to induce the formation of mesoderm in otherwise naive Xenopus tissue (Whitman and Melton, 1989). This led to the identification of the cellular proto-oncogene P21ras as a key player in the endogenous process of mesoderm formation (Whitman and Melton, 1992). The continued examination of developmental events in Xenopus has helped to elucidate signaling pathways that are involved in tumorigenesis (e.g. Wnt signaling in colonrectal cancers, Pennisi et al., 1998) and has also provided mechanistic insights into functions of previously identified proto-oncogenes (e.g. the role of FRAT1 in T-cell lymphoma, Yost et al., 1998). Clearly, Xenopus laevis will become a highly effective addition to the arsenal of tools for the study of human malignancies (for review, see Wallingford, 1999).

1.3 Patterning the body plan of Xenopus laevis in the early embryogenesis

The establishment of body axis is by far best studied in amphibians compared to other animal models. The knowledge about the axis establishment has dramatically increased in the last two decades.

Maternal determination of the animal–vegetal axis 

The Xenopus embryo exhibits prominent external animal-vegetal polarity even before fertilization. The animal pole sitting uppermost of Xenopus embryo has a heavily pigmented surface, while the vegetal pole located toward the opposite end is unpigmented and contains yolk-rich material. This polarity will influence the subsequent cleavage pattern. As many other organisms, the proper development of the Xenopus embryo depends on the asymmetrical distribution of maternal mRNAs and proteins which are preexisiting cytoplasmic factors responsible for the cell fate determination in the early embryonic development. The maternal mRNAs are localized either in the animal or vegetal pole although the Xenopus oocyte is radially symmetrical. The process of localization of these mRNAs in Xenopus oocyte occurs during the long period of oocyte differentiation and growth, which is accompanied by the elaboration of oocyte polarity. Some of the vegetally localized mRNAs, such as Vg1, VegT, and Xwnt11, are involved in the axial patterning and the germ layer specification. Others, such as Xdazl and Xcat2 located in the germ plasma, are likely to play a role in the specification of germ cell fate (Kloc et al., 2001). The differential localization of maternal mRNAs in Xenopus oocyte follows one of two pathways: the message transport organizer (METRO or early) pathway and the late pathway (Forristall et al., 1995; Kloc and Etkin, 1995; Kloc et al., 2001). mRNAs that follow the METRO pathway can be first detected at the mitochondrial cloud in stage I oocytes. Subsequently the localized mRNAs are translocated to the cortex within the period of late stage I or early stage II, where they remain throughout the oogenesis. Several METRO-pathway mRNAs have been identified as possible candidates of cytoplamic determinants, including Xwnt-11 required for the (-catenin pathway that specifies the dorsal identity of embryo (Ku and Melton, 1993) and Xcat2 involved in germ cell development (Mosquera et al., 1993). mRNAs following the late pathway are excluded from the mitochondrial cloud and are found throughout the cytoplasm in stage I oocytes. Between late stage II and early stage III, late-pathway mRNAs localize to specific domains of the vegetal hemisphere including a crescent-shaped region in proximity to the nucleus (Chan et al., 1999), a wedge-shaped structure in the vegetal cytoplasm (Kloc and Etkin, 1995), and the vegetal cortical region (Melton, 1987). Vg1, a member of the transforming growth factor-( (TGF-() protein super-family which follows the late pathway, can induce dorsal mesoderm and secondary axis (Dale et al., 1993; Thomsen and Melton, 1993). VegT, a T-box transcription factor whose localization belongs to the late pathway too, is involved in the specification of both endoderm and mesoderm (Zhang and King, 1996; Kofron et al., 1999). Similar to Vg1 and VegT, Xenopus Bicaudal-C (xBic-C) mRNA also localizes in vegetal cortex (Wessely and De Robertis, 2000). 

Specification of the dorsoventral axis

The dorso-ventral axis of Xenopus embryo is trigged by sperm entry. An unfertilized Xenopus egg is radially symmetrical along the animal-vegetal axis. Upon fertilization, the plasma membrane and the cortex in the egg rotates about 30º relative to the rest of the cytoplasm that remains stationary. The dorsoventral axis is defined by the site of sperm entry in the animal region which marks the future ventral side of the embryo and overlaps with the first cleavage plane that divides the egg bilaterally into right and left halves. 

The crucial developmental consequence of cortical rotation is the formation of a signaling center in the dorsal vegetal region on the side opposite sperm entry. This signaling center is known as the Nieuwkoop center, which, lying on the dorsal vegetal region of embryo is active from the early cleavage stage to the late blastula stage. It exerts a special influence on surrounding tissues to induce dorsal axial structures. A proposed function of the Nieuwkoop center is to induce the cells immediately above the equatorial region to form the dorsal signaling center—the Spemann organizer.

Several dorsal determinants with the ability to induce a complete secondary axis are involved in the Wnt/(-catenin signaling pathway, such as siamois and (-catenin. During the embryonic development, in the absence of Wnt signaling, (-catenin is continuously phosphorylated by the glycogen synthase kinase-3 (GSK-3) complex. Afterwards the phosphorylated (-catenin binds to a protein called (-transducin repeat-containing protein ((-TrCP), and is then modified by the covalent addition of a small protein called ubiquitin. (-catenin tagged with ubiquitin finally is degraded by proteosome via a ubiquitination-dependent pathway (Figure 1-1). The resulting low level of (-catenin cannot induce target genes expression. Adenomatous Polyposis Coli (APC) and Axin protein family normally facilitate the addition of phosphate groups to (-catenin by GSK-3. The activity of GSK-3( can be inhibited by GSK-3( binding protein (GBP), which however, is not a linear component of this pathway. In contrast, when a secreted Wnt molecule is recognized by a transmembrane receptor of the frizzled family, a cytoplasmic component called Dsh is activated. Dsh in turn suppresses the phosphorylation of (-catenin imposed by GSK-3( and therefore leads to a blockage of subsequent ubiquitination. This results in an accumulation of (-catenin in the cytoplasm. Thereafter (-catenin translocates into the nuclei and interacts with members of the high mobility group (HMG)-box transcription factor family, such as Tcf/Lef1, to activate expression of target genes (Cadigan and Nusse, 1997). In Xenopus, genes responsible to dorsal determination, such as siamois (Brannon et al., 1997), twin (Laurent et al., 1997), the TGF-( factor Xnr-3 (McKendry et al., 1997) and cerberus (Nelson and Gumbiner, 1999) have been shown to be inducible by (-catenin.
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Figure 1-1. The schematic diagram of Wnt/(-catenin signaling pathway in the dorsoventral axis patterning. In the absence of Wnt signaling, (-catenin is continuously phosphorylated by GSK-3 complex, and subsequently degraded by proteosome via a ubiquitination pathway. In the case that a Wnt ligand binds to frizzled receptor, the Wnt receptor transduces the signal through Dsh, resulting in the inhibition of GSK-3. The suppression of GSK-3 activity leads to the accumulation of (-catenin. (-catenin thereafter translocates to the nucleus, and activates the transcription of targets genes including siamois, twin, Xnr3 and cerberus. In addition, the GBP can also inhibit GSK-3 activity but is not a linear component of the pathway (Modified from the protocol of Cell Signaling Technology) .

The functions of Spemann organizer during embryogenesis

As stated before, the Spemann organizer, lying on the dorsal blastopore lip of gastrula, is induced by the Nieuwkoop center. Signals originating from the Spemann organizer are involved in further patterning along both the anterior-posterior and dorso-ventral axes and inducing the central nervous system of the embryo.

In Xenopus, the organizer is formed as a consequence of signaling by TGF-( and (-catenin (Harland and Gerhart, 1997; Heasman, 1997; Niehrs, 1999, 2000). Transplantation a dorsal blastopore lip to the ventral side of the blastocoel of another embryo at the same stage led to an embryo containing a secondary body axis (Spemann and Mangold, 1924). Meanwhile several genes specifically expressed in the organizer have been identified, which can be primitively classified into four groups based on the expression regions (for review, see Chan and Etkin, 2001). The first group of organizer genes is transcriptional targets of the Wnt/(-catenin pathway, including siamois and twin. They are expressed in the dorsal vegetal region before the appearance of dorsal lip during the blastula stage. Overexpression of either siamois or twin induces ectopic secondary axis with a complete head (Lemaire et al., 1995; Laurent et al., 1997). The second group of organizer genes is expressed in the prechordal mesoderm region of head organizer at the gastrula stage and most of them can generate ectopically incomplete secondary axes lacking anterior structures. The members of this group include genes encoding transcription factors (gsc, Xlim-1, Xanf-1 and Xotx2), growth factor antagonists (noggin, chordin, follistatin, frzb, dickkopf-1 and Xolloid), as well as growth factors Xnr1-4 and anti-dorsalizing morphogenetic protein (ADMP). The third group of organizer genes is expressed in the anterior endomesoderm, such as Xnr-1, -2, -4, Xblimp and Xhex, which can regulate specific genes expression in the anterior endomesoderm. Some members of this group such as cer and dkk-1 (Glinka et al., 1998) can produce ectopic head without a trunk by overexpression. The last group of organizer genes is expressed in the chordamesoderm (trunk organizer), which includs chd, noggin, dkk-1, Xnot2 and so on. Because of the overlap of expression domains, a gene may be classified into two groups simultaneously. It should be emphasized that the organizer tissue is not a constant population of cells but rather a dynamic structure in which considerable cell movements and rearrangement take place during the gastrulation (Chan and Etkin, 2001). 

Specifically, the organizer is a source of secreted antagonists that bind to growth factors in the extracellular space and prevent them from binding to their cognate receptors. Briefly the antagonists can be classified into the following groups (De Robertis et al., 2000): (1) BMP antagonists such as chordin, noggin and follisitatin. Chordin and noggin bind to BMPs directly in the extracellular space, preventing BMPs from binding to and signaling through its cognate BMPs receptors. The follisitatin binds to BMPs via different mechanisms and the resulting complex can then bind to the BMP receptor but no further available signals arise; (2) Wnt inhibitors encompassing the Frzbs and the Dkks two types. Frzb-1, containing a domain similar to the Wnt-binding region of Frizzled Wnt receptors, can bind to Wnt ligands and thereafter antagonize their activities. And DKKs, a new class of Wnt antagonists, cooperate with Frzb-1 in the formation of head structure by combining inhibitions of BMPs signaling. There are evidences that the Wnt antagonists expressed by the Spemann organizer act as different biological activities. For example, overexpression of crescent, a frzb type protein, causes cyclopia, whereas overexpression of frzb-1 leads to enlarged eyes, indicating that different Wnt antagonists bind to overlapping but distinct sets of Wnt signals; (3) Cerberus protein, a multivalent antagonist that can bind to Xnrs, Xwnt-8 and BMP-4 in the extracellular space. These three signaling pathways are required for trunk development. And secretion of cerberus by anterior endoderm serves to maintain a trunk-free zone so that the head territory can develop (De Robertis et al., 2000); (4) TGF-(/Nodal receptor antagonists including Antivin/Lefty that has been isolated from frog, fish and mouse. Mouse mutants lacking Lefty-2 form excess mesoderm, a phenotype that is partially suppressed by heterozygosity for nodal, suggesting that the main function of Lefty-2 is to down-regulate Nodal signaling. In Xenopus, Xnr-3 (a divergent Xnr) lacks mesoderm-inducing activity but can induce neurulation instead. Yet it is not determined so far that if Xnr-3 can also function as a competitive inhibitor of TGF-( receptors.

Taken together, the organizer is crucial for the proper early embryonic development and functions of three important aspects: self–differentiation, morphogenesis and induction. Cells of the organizer eventually differentiate a variety of mesodermal and endodermal tissues. Mesodermal derivatives include the notochord and prechordal plate head mesoderm (head mesenchyme and cartilaginous rods of the skull floor), whereas endodermal derivatives include pharyngeal endoderm (containing gill slits) and anterior gut tissues such as liver. Organizer-dependent morphogenesis consists of not only the movements of organizer cells but also the movements they induce in neighbors, especially in the somatic mesoderm. The organizer’s inductions are often called primary induction to distinguish them from secondary and tertiary induction occurring after the gastrulation. Organizer releases inductive signals which primarily affect all three germ layers including dorsalization of the mesoderm, neural induction of the ectoderm and anteriorization of the endoderm (Harland and Gerhart, 1997), although not all organizer’s factors play dorsalizing roles in early development such as ADMP (Moos et al., 1995).

The formation of the Spemann organizer and its functional activities are summarized as a model shown in Figure 1-2.
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Figure 1-2. A model of the Spemann organizer formation and its functions. At the midblastula stage, higher (-catenin level on the dorsal side of embryo, together with the vegetally located transcription factor VegT and the maternal TGF-( family growth factor Vg1, generate a gradient of Nodal-related molecules expressed in the endoderm, in turn, this gradient induces the formation of overlying mesoderm; low dose of Nodal-related molecules leads to the formation of ventral mesoderm, whereas high dose leads to the establishment of the Spemann organizer. At the gastrula stage, the organizer secretes a cocktail of factors that refine the initial patterning. The organizer secrets proteins that bind to different growth factors in the extracellular space and block signaling through the cognate receptors. Crescent, frzb-1 and dkk-1 are Wnt antagonists. Cerberus is a multivalent inhibitor that antagonizes Xwnt-8, Xnrs and BMPs. Chordin, noggin and follistatin bind to and inhibit BMPs. Lefty/antixin blocks nodal signaling through a different mechanism, i.e. by binding to the TGF-(/Nodal receptor and acting as a competitive inhibitor. The organizer consists of two of structural regions, head organizer (prechordal mesoderm, and anterior endomesoderm), and trunk mesoderm (chordamesoderm). The organizer specific genes can be classified into four groups according to their expression territories (indicated in the figure). Head development is considered a default state, resulting from double inhibition of Wnt, BMP (dkk-1, Glinka et al., 1998) or triple inhibition of Wnt, BMP and Nodal signal (cerberus, Piccolo et al., 1999), New evidence indicated that the IGF signaling is required and sufficient for head formation (Pera et al., 2001). (Modified from Grunz, 1997).
The patterning of the three germ layers

The basic body plan of Xenopus is derived from three germ layers, i.e. the endoderm, ectoderm and mesoderm. The endoderm arises from most of yolky vegetal region of the embryo. The ectoderm is originated from the animal hemisphere and then differentiates into epidermis and the future nervous tissue depending on the signal gradient. The mesoderm is formed from the marginal zone. During the gastrulation, the marginal zone moves into the interior through the dorsal blastopore and becomes subdivided along the dorso-ventral axis of blastula. The most dorsal mesoderm gives rise to the notochord, followed ventrally, by somites (which gives rise to muscle tissue), lateral plate and blood island. The dramatic change depends on the molecular events that underlie both the specification and patterning of the germ layers. 
Fate-mapping analysis in Xenopus laevis in the 32-cell stage has indicated that individual blastomeres can contribute to several organs (Wetts and Fraser, 1989; Moody, 1987; Dale and Slack, 1987). The endoderm arises from the yolky cells of tier D in the vegetal region of 32-cell embryo. These vegetally derived blastomeres later form the lining of the gastrointestinal and respiratory tracts, liver and pancreas (Chalmers and Slack, 1998; Wells and Melton, 1999). Many factors have been proved to be involved in endoderm differentiation. For example, the maternal determinant VegT is essential to endoderm differentiation (Lustig et al., 1996 Stennard et al., 1996; Zhang and King, 1996; Horb and Thomsen, 1997). Antisense oligonucleotides complementary to VegT mRNA inhibit endoderm differentiation in embryos (Zhang et al., 1998). Overexpression of VegT in the prospective ectoderm activates endodermal genes including Xnr-2, Xsox17 and Mix-1. VegT and perhaps also other maternal determinants can activate cell-autonomous expression of the endoderm-specific genes, such as Xsox 17, Mix-1 and TGF-( related growth factors (derrière, activin B, Xnr-1, -2, -4). The TGF-(s activate further expression of endoderm-specific genes and reinforce the expression of TGF-( members in the vegetal region. The treatment of animal cap with activin or processed Vg1, a member of TGF-(, induces expression of the endoderm marker, XlHbox8 and IFABP (Wright et al., 1989; Gamer and Wright, 1995; Henry et al., 1996). Maternal Vg1 induces expression of Mixer (Henry and Melton, 1998), which can in turn activate the endodermal markers XlHbox8, IFABP, LFABP and edd in the prospective ectodermal tissues in the absence of mesoderm. Both Xsox17( and Xsox17( (Hudson et al., 1997) have been shown to be able trigger endodermeral differentiation in the prospective ectoderm. 

The blastomeres from tier B and tier C of 32-cell embryo contribute to the prospective mesoderm lineage, which is further patterned into dorsal, intermediate, and ventral mesoderm derivatives (Dale and Slack, 1987). Cells from the dorsal marginal zone contribute to dorsal mesoderm including head mesoderm, notochord, and somites, whereas cells from the ventral marginal zone form somites and blood cells. Specification studies show that the lateral marginal zone gives rise to intermediate mesoderm, such as somites and pronephros, only as a result of interaction between the dorsal and ventral mesoderm, a process known as dorsalization.

The “two-step” model has been employed to elucidate the mesoderm induction in Xenopus laevis. According to this model, at the mid blastula stage higher level of (-catenin on the dorsal side of embryo together with the vegetally located transcription factor VegT and the material TGF-( family growth factor Vg1 generate a gradient of Nodal related molecules expressed in the endoderm, in turn this gradient induces the formation of ventral mesoderm, whereas high doses lead to the establishment of the Spemann organizer. The Nieuwkoop center is the very region of dorsal endoderm that induces organizer tissue. And at the gastrula stage, the organizer secretes a cocktail of factors that refine the initial patterning (De Robertis et al., 2000). This model in principle is identical to the ‘three-signal’ model described elsewhere (Munoz-Sanjuán and Hemmati-Brivanlou et al., 2001)

Some signaling pathways and molecules are involved in the mesoderm pattering. Activins can induce the formation of different mesodermal derivatives in the prospective ectodermal tissue including both dorsal and ventral mesoderm in a dose-dependent fashion (Grunz 1983; Smith et al., 1995). In contrast to activin which is required for the activation of mesodermal gene expression, FGF is required only for maintaining the expression of these genes but not for the initial mesoderm introduction (Isaacs et al., 1994; Schulte-Merker and Smith, 1995). Vg1 is also a participant for dorsal mesoderm formation (Joseph and Melton, 1998). Overexpression of Xnr-1 and Xnr-2 induces both dorsal and ventral mesoderm in the prospective ectodermal tissues. Organizer genes such as noggin, chordin, and siamois induce the dorsalization of ventral marginal zone tissue explants.

Xbra can induce VegT and Eomesodermin (Eomes) (Smith et al., 1991; Ryan et al., 1996). Overexpression of Xbra lead to the formation of ventral mesodermal cell types in the prospective ectoderm. While overexpression of zygotic VegT or eomes induces both dorsal and ventral mesoderm in the animal cap assay in a dose-dependent manner. Another TGF-( member, derrière, can activate both dorsal and ventral mesodermal marker in the animal cap assay (Sun et al., 1999). In addition to TGF-(s and FGF, BMPs overexpression induces ventral mesoderm formation in prospective ectodermal tissues including blood and mesendchyme (Dale and Wardle, 1999). A high level of BMPs in the ventral marginal zone induces blood which is the most ventral mesoderm indicated by the expression of both Xvent-1 (Gawantka et al., 1995) and Xvent-2 (Onichtchouk et al., 1996). A lower level of BMPs in the lateral marginal zone leads to muscle formation and only induces the expression of Xvent-2. 

Wnt signaling is involved in patterning the mesodermal layer. The activin/Vg1 and the Wnt pathways have been shown to positively and cooperatively regulated/induce organizer genes such as goosecoid and chordin (Crease et al., 1998; Harland and Gerhart, 1997). However, the function can be divergent in the different cell-stages. In the dorsal side, the Wnt is inhibited by cer and dkk-1, and in the ventral marginal zone, the sizzled activated by BMP-4 may restrict Wnt signaling to the lateral region (Salic et al., 1997; Marom et al., 1999). Therefore, in the marginal zone Wnt signaling is eliminated in the dorsal and ventral mesoderm by different Wnt antagonists. As a consequence, Wnt signaling is active only in the lateral marginal region to specify the formation of lateral mesodermal derivatives.

Blastomeres from tier A of a 32-cell embryo give rise to the prospective ectoderm, which differentiates into neural in the dorsal side and epidermal lineages in the dorsal side (Chang and Hemmati-Brivanlou, 1998). At the gastrula stage, the dorsal ectoderm in proximity to the organizer develops into the neural plate and the ventral ectoderm gives rise to the epidermis. The cement gland, various placode and neural crest are formed at the boundary between the neural plate and the epidermal region.

It has been shown that BMPs signaling mediates the decision between neural and epidermal cell fates (Grunz and Tacke 1989, 1990; Wilson and Hemmati-Brivanlou, 1995). Currently, the view for neural specification in vertebrates is that in the absence of BMPs signals, ectodermal cells will differentiate into neural tissue according to the ‘default model' (for review, see Weinstein and Hemmati-Brivanlou, 1999). It has been proposed that different levels of BMPs generate a morphogen gradient across the dorsal-ventral axis to specify different cells in the ectoderm. A low level of BMP-4 induces neural markers expression, while intermediate and high doses activate cement gland and epidermal keratin expression, respectively. A number of organizer genes including chordin, noggin, follistatin, Xnr-3, cer and dkk-1 can induce prospective ectoderm to adopt a neural fate by exerting a dorsalizing activity. In addition, in spite of the controversial evidence that the FGF signaling is not required to the neural induction but involved in the posterior mesoderm formation (Kroll and Amaya, 1996; Holowacz and Sokol, 1999), FGF signaling has been suggested to be involved in the neural induction and the anterior neural patterning (Hongo et al., 1999). 

1.4 Gene identification from a cDNA library

Isolation of new genes and the understanding of these genes function and the corresponding genetic controls in the processes of embryonic development are key themes in the field of developmental biology. 

Under this direction, cDNA libraries are constructed for different purposes. For identification of genes expressed temporally, the mRNAs from embryo at a certain stage are employed. Accordingly oocyte library (I. Dawid), gastrula cDNA library (C. Niehrs), neurula library (C. Niehrs), tailbud stage 24-26 cDNA library (J. B. Gurdon) and tailbud stage19-23 library (R. M. Harland) have been constructed for Xenopus laevis. For isolation of tissue specific genes, the tissue specific mRNAs are employed. cDNA libraries of adult retina (J. Besharse) and adult heart (R. M. Harland) have been constructed for Xenopus laevis (Group leaders are indicated in the parentheses). Furthermore, for identification of genes which are only expressed temporally on a certain region of embryo, cDNA libraries are constructed rather specifically. For example, to isolate head organizer genes, an anterior endomesoderm (AEM) cDNA library was constructed for which the mRNAs preparation were from the AEM of late gastrulare/early neurulae (Shibata et al., 2001). Theoretically the rarest mRNA sequence from any tissue is likely to be represented in a cDNA library containing 107 recombinants; however, practically its identification is very difficult. Thus, for a variety of purpose, it is advantageous to prepare the normalized cDNA library. Based on this consideration, the normalized cDNA libraries for Xenopus early gastrula, neurula and tailbud have been constructed, which bring the frequency of each clone within a narrow range (Kitayama et al., 2001 GeneBank cDNA library list).

Screening cDNA library has been proved to be an efficient approach to identify genes involved in Xenopus development (Gawantka et al., 1998). Successful screening requires a straightforward assay that can be scaled up for a high throughput. To date, mainly there are two methods used to screen Xenopus cDNA libraries. One is the functional screen based on the phenotype shift after microinjections to embryos with mRNA from a single clone or clones pool. The potential promising clones are justified by morphologic changes of the injected embryos. Mixer (Henry et al., 1998) was identified in this way. The other approach to the study of embryonic patterning at large-scale is to use a randomly isolated cDNA and analyze expression pattern of the mRNA by in situ hybridization which allows direct access to the DNA sequence and reflects endogenous genes expression. The expression pattern often implies important clues for assessing the gene function and makes readily testable predications. Moreover, analyses of genes expression have led to spectacular discoveries regarding embryonic patterning which had not been revealed by morphology or experimental embryology (Levin et al., 1998). Several genes involved in the mesoderm pattern such as Xvent-1, Xvent-2 and Xblimp-1 have been identified by this method. The combination of these two methods was also exploited to identify genes involved in organogenesis (Grammer et al., 2000). In this approach, to assay maximally the activities of injection, the injected embryos were monitored throughout early embryo and tadpole stages, which was followed by the analyses of internal development of multiple tissues and organs by in situ hybridization with markers—such as nrp-1 (general neural marker), krox-20 (hindbrain marker), Hoxb9 (spinal cord marker), MyoD (somite marker for stage 21 embryo), Pax-8 (kidney marker), Nkx-2.5 (heart marker) and (-globin (blood island marker for stage 28). Clones which profoundly affect cell fate and embryonic were further characterized.

Some other new approaches have also been developed to identify secreted signaling molecules that play very important roles during the embryonic development. For example, Xenopus Kielin (Matsui et al., 2000) has been isolated from a signal trap cDNA library with yeast selection system. Alternatively, crescent was isolated as follows. The colonies pool from cDNA libraries constructed in cytomegalovirus (CMV) promoter-based expression plasmide was expressed in 293T cells grown in serum free medium containing 35S methionine and cysteine, and positive clones were individualized in a second transfection step by sib-selection after the antoradiography detection of proteins secreted into the culture medium (Pera and De Robertis, 2000).

1.5 In this thesis
Activin plays important roles in mesoderm and endoderm patterning during the embryonic development. The cells from disaggregated animal caps which have been treated with low concentration of activin will differentiate into mesoderm, while with higher concentrations of activin, the cells will even differentiate into endoderm cell (Grunz 1983, Ariizumi et al., 1991). A cDNA library prepared with activin treated ectoderm under this direction would be more efficient to isolate genes involved in the mesoderm and endoderm patterning.

In this study, I have screened such an activin-treated ectoderm cDNA library of Xenopus laevis using the approach of large-scale whole-mount in situ hybridization introduced above. 51 new genes were isolated, and subsequently were assigned accession numbers by GeneBank. The expression patterns of Xenopus X-box binding protein 1 (XXBP-1), Xenopus MARCKS-like protein (XMLP) and Xenopus L-Arginine:glycine amidinotransferase (XAT) were potentially interesting. Therefore their functions have been further characterized.

XXBP-1 and the BMP-4 signaling pathway

As stated before, in Xenopus the patterning of the embryonic ectoderm has been suggested to be under the control of bone morphogenetic proteins (BMPs) (Weinstein and Hemmati-Brivanlou, 1997). Disruption of BMPs feedback loop in ectoderm initiates the process of neural induction, resulting in the suppression of epidermal-specific genes and the activation of regulatory and structural genes specific to the neural tissues (Hemmati-Brivanlou and Melton, 1997). During gastrulation, dorsalizing factors such as noggin (Zimmerman et al., 1996), Xnr3 (Smith et al., 1995), chordin (Sasai et al., 1994), Cerberus (Bouwmeester et al., 1996) and follistatin (Fainsod et al., 1997) antagonize BMPs signaling by binding to extracellular BMPs and preventing their interaction with cognate BMPs receptors. Without organizer signals, the ectoderm becomes epidermis, in part due to the activities of BMPs.

In addition to acting as a negative regulator of neural induction, BMPs are involved in the mesodermal patterning. The mesoderm patterning starts prior to the overt gastrulation and can be defined into at least four mesodermal territories in the early gastrula stages: (1) the organizer expressing genes such as gsc, Xnot, chd and noggin; (2) a dorsolateral territory expressing genes such as Xmyf5 and Xvent2; (3) a ventrolateral territory marked by the expression of Xvent-1 and Xvent-2 and (4) a ventral territory expressing Xvent-1, Xvent-2 and sizzled. The expression of these genes is regulated by BMP-4 and overexpression of BMP-2, -4 or -7 leads to the ventralization of early mesoderm (Dale and Jones, 1999).

BMPs also play roles in limb development, tooth development and the regulation of apoptosis. The effects diversity depends on its intracellular co-factors that participate BMP signaling transduction, as well as crosstalk between BMPs signaling and other signaling pathways. In general BMP-2, -4 or-7 dimers bind to the type II receptor primarily, which then leads to phosphorylation of the type I receptor. This initiates a signal transduction cascade that is mediated by a family of proteins collectively known as Smads (Massagué, 1996). The activated BMPs type I receptors in turn phosphorylates an appropriate R-Smad (Smad1, -5 or -8). This phosphorylation then enables the R-Smad to complex with the Co-Smad (Smad4), and the R-Smad/Smad4 complex enters the nucleus to activate or repress target genes depending on which nuclear cofactors are present. Thus an extracellular signal is converted to a cellular response (for review, see von Bubnoff and Cho, 2001). In Xenopus embryos, Smad1 and Smad5 can mimic many BMPs functions and activate BMPs-inducible genes (Graff et al., 1996; Suzuki et al., 1997), while overexpression of Smad8 phenocopies the effect of blocking BMP-4 signaling, leading to the induction of a secondary axis on the ventral sides of intact embryos and the neural induction in ectodermal explants (Nakayama et al., 1998).

A large number of genes have been shown to be involved in BMPs signaling in different cell types and tissues. In this study, it is demonstrated that XXBP-1, a basic leucine zipper transcription factor, is involved in BMP-4 signaling pathway. Overexpression of XXBP-1 leads to the ventralization of early embryos. Moreover, the overexpression can rescue the neural induction in ectodermal explants as well as the dorsalization in intact embryos imposed by a dominant negative BMPs receptors (tBMPRs). These results suggest that XXBP-1 acts the downstream of BMP-4 receptors by mediating BMP-4 signaling pathway in the epidermal induction and the inhibition of neural differentiation. Furthermore, it has been characterized as a transcription activator by exploiting repressor and activator fusions.

XMLP and the MARCKS family

Phosphorylation of intracellular substrates by protein kinase C (PKC), which composes a family of diacylaglycerol-activated and Ca2+-dependent serine/threonine related protein kinases, is an impetus for a wide range of cellular processes including differentiation, mitogenesis, neurotransmission and hormone secretion. Up to now at least 10 subtypes of this family have been found and each subtype has shown different enzymological properties and distinct cell type distribution (for review, see Nishizuka, 1984, 1995). In Xenopus, it has also been demonstrated that PKC is involved in the response to endogenous inducing signals during neural induction (David et al., 1987; Otte et al., 1988; for review, see Grunz, 1999a). One of the most prominent intracellular substrates for PKC is the myristoylated alanine rich C kinase substrate (MARCKS), which can be phosphorylated in many cell types by PKC. The members of MARCKS share three conserved domains, a myristoylated consensus following the glycine residue at position 2 in the amino terminus, the site of intron splicing, and the phosphorylation site domain (PSD), also called effector domain (ED) which contains three of four serines that are the only residues known to be phosphorylated by PKC in this domain. MARCKS related proteins have also been identified in mouse, rabbit and human, sharing striking similarity with MARCKS. They were termed as MARCKS like protein (MLP), also known as F52 or MacMARCKS. MARCKS is a ubiquitous 32-kDa protein, whereas MLP is mainly expressed in brain and reproductive tissues (Aderem, 1992; Blackshear, 1993). 

MARCKS behaves as a PKC substrate and binds to calmodulin in a Ca2+-dependent manner. However, there is no direct evidence that the protein contains a Ca2+ binding domain. Additionally it was also demonstrated that dephosphorylated MARCKS could bind to and cross-link filamentous actin in vitro. Both functions are correlated with the PSD domain (for review, see Blackshear, 1993).

It has been reported that the expression of MARCKS increased sharply when Swiss 3T3 cells escaped from cell cycle and entered G0 (Herget et al., 1993). Reduced expression of MARCKS has been described in various cell lines after oncogenic or chemical transformation. On the other hand, overexpression of the MARCKS in human tumor-derived choroidal melanoma cells (OCM-1) can cause the down-regulation of cell proliferation with high percentage of cells arrested in G0-G1 phase (Manenti et al., 1998). However the effect of MARCKS on the cellular functions is not yet well understood and even less for MLP. It is assumed that MLP has a similar function as MARCKS because both are sharing high sequence homology. Recent gene knockout studies have indicated that, at least in mice, MARCKS is essential for the normal development of the central nervous system and postnatal survival (Stumpo et al., 1995). MARCKS gene knockout mice exhibited lethal neural defects during the development such as defect of cerebral hemisphere fusion, disturbance of forebrain commissures formation as well as cortical and retinal lamination abnormalities of the cortex and retina. But by expression of the non-myristoylated human MARCKS in this null MARCKS population all the neuroanatomical abnormalities could be rescued (Swierczynski et al., 1996). Expression of a transgene containing non-myristoylation and pseudo-phosphorylation sites was able to compensate almost the entire cerebral anatomical abnormalities of the knockout mice, however these mice also exhibited profound retinal ectopia (Kim et al., 1998). Chen et al. (1996) found that MLP deletion in mice prevents the closure of cranial neural tube in the developing brain characterized by embryonic exencephaly and postnatal anencephaly. It was shown in another MLP knockout mice system (Wu et al., 1996) that the neural tube defects caused exencephaly and spina bifida.

In this study, a novel homologue of the MARCKS like protein (MLP) in Xenopus was identified and characterized. It is demonstrated that XMLP is differentially expressed during early Xenopus development. Ectopic expression of XMLP led to eye, axis defects and apoptosis and also resulted in the disruption of expression pattern of Krox20, suggesting that it may be correlated with a disturbed morphogenetic movements rather than an inhibition of induction processes. While overexpression of XCYP26 caused an alternation of the expression pattern of XMLP, indicating that retinoic acid (RA) may play an important role for its regulation. 

XAT and the AT family

The L-Arginine:glycine amidinotransferase (AT, EC2. 1. 4. 1) catalyzes the transfer of a guanido group from arginine to glycine. The resultant guanidinoacetic acid is the immediate precursor of creatine. Phosphorylated derivatives of creatine play important roles in the vertebrate energy metabolism (Walker, 1973). The phosphocreatine serves as a high-energy reservoir in mammalian tissues, especially when the source of ATP is limited. It has been shown that the expression of AT can be tightly regulated by growth hormones and thyroxine induction (McGuire et al., 1980) and is inhibited by creatine (Guthmiller et al., 1994). In Wilms tumor AT expression is down regulated as well (Austruy et al., 1993), which suggests that it may play an important role in the limb-girdle muscular dystrophy type 2A (LGMF2A) (Humm et al., 1997a) (for review, see Humm et al., 1997b). 
In this study, it is demonstrated that XAT is expressed in the organizer in the gastrula stages, and the posterior and trunk in the tailbud stages. The mechanism of its funcion and regulation during the early embryogenesis still needs to be elucidated. 

