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3. RESULTS


3. Results

3.1 Isolation of novel genes from an activin-treated ectoderm cDNA library of Xenopus laevis
I have screened a cDNA library prepared from activin-treated Xenopus laevis ectoderm, using large-scale whole-mount in situ hybridization. Based on the expression patterns, potentially interesting clones were subsequently sequenced. The obtained sequences were compared to the DNA and protein sequences in the GeneBank and 51 novel genes were identified. The novel sequences were then submitted to the GeneBank and assigned the Accession Numbers listed in Table 3.1-1. It should be noted that the deposit sequences in GeneBank are updating rapidly every day, therefore some of genes in the list may have also been isolated by other groups after my submission. The results shown in Table 3.1-1 were updated on March 10, 2002. 

The cDNA clones encoding the Xenopus X-box binding protein 1 (XXBP-1), the Xenopus MARCKS like protein (XMLP) and the Xenopus arginine:glycine amidinotransferase (XAT) were further characterized because their suggestive expression pattern strongly indicate that they are deeply involved in the early embryogenesis.

Table 3.1-1. Novel genes isolated from an activin-treated ectoderm cDNA library of Xenopus laevis.
	Accession Number
	Main distribution of blast hit of DNA sequence database

	
	score
	E value
	Homologue in Xenopus or other species

	BF348693
	178
	2e-42
	Gallus gallus PR264 mRNA, a potential splicing factor. ACCESSION X62446 

	BF348704
	42
	0.33
	Myxoma virus, complete genome, also similar to SW: HCD2_BOVIN O02691 3-Hydroxyacyl-coa dehydrogenase type II, mRNA sequence. ACCESSION AF170726

	BF348705
	313
	6e-83
	Xenopus gene encoding a HMG1 homologue. ACCESSION D30765

	BF348706
	42
	0.32
	Rattus norvegicus Aquaporin 1 (aquaporin channel forming integral Protein 28 (CHIP) (Aqp1), mRNA. ACCESSION NM_012778

	BF348707
	172
	1e-40
	Gallus gallus death associated protein 5-like (DAP5), mRNA sequence. ACCESSION AF093110

	BF348708
	42
	0.34
	Homo sapiens chromosome 16 clone CTD-2270L9, complete sequence. ACCESSION AC008915

	BF348709
	40
	1.3
	Homo sapiens genomic DNA, chromosome 6p21.3, HLA Class I region, section 13/20. ACCESSION AP000514 BA000025, 

	BF348710
	613
	e-173
	Xenopus laevis xCIRP2 mRNA for cold-inducible RNA binding protein 2, complete cds. ACCESSION AB044535

	BF348711
	40
	1.3
	Homo sapiens NF-E2-related factor 3 gene, complete cds. ACCESSION AF135116

5' similar to SW: CKR1_human P32246 C-C Chemokine receptor type 1, mRNA sequence. 

	BF348712
	48
	0.005
	Homo sapiens 6-phosphofructo-2-kinase/fructose-2, 6-biphosphatase 2(PFKFB2), mRNA. ACCESSION NM_006212

5' similar to TR: Q9V9B6 Q9V9B6 CG9422 PROTEIN, RNA sequence.

	BF348713
	42
	0.33
	Mus musculus GIG18 (Gig18) mRNA, complete cds. ACCESSION AF374476

	BF348714
	48
	0.005
	Xenopus laevis rod arrestin gene, promoter, exons 1 and 2, and partial cds. ACCESSION AF053942

	BF348715
	127
	7e-27
	Homo sapiens similar to RIKEN cDNA 2700064H14 gene (LOC116225), mRNA. ACCESSION XM_057654 

	BF348694
	42
	0.3
	Human DNA sequence from clone RP11-166O7 on chromosome 10, complete sequence. ACCESSION AL607082 

	BF348695
	44
	0.085
	Human DNA sequence from PAC 76C18 on chromosome 6q16.1-21. Contains STS. ACCESSION Z98755

	BF348696
	44
	0,085
	Homo sapiens 12q22 BAC RPCI11-513P18 (Roswell Park Cancer Institute Human BAC Library) complete sequence. ACCESSION AC007564

	BF348697
	44
	0.084
	Homo sapiens chromosome 17, clone hRPK, 601_N_13, complete sequence. ACCESSION AC025775 

	BF348698
	680
	0.0
	Xenopus X-box binding protein-1 partial sequence. ACCESSION AF358133

	BF348699
	72
	4e-10
	Mus musculus 10 days embryo cDNA, RIKEN full-length enriched library, clone: 2610015J01, full insert sequence. ACCESSION AK01140

	
	64
	9e-08
	Human chromosome 14 DNA sequence BAC R-109N23 of library RPCI-11 from chromosome 14 of Homo sapiens (Human), complete sequence. ACCESSION XM_027330

	BF348700
	 632
	1e-179
	Xenopus laevis mRNA for retinoic acid receptor gamma B. ACCESSION X59396

	BF348701
	42
	0.33
	Human DNA sequence from clone RP3-401D24 on chromosome 6, complete sequence. ACCESSION AL137184

5' similar to SW: G731_HUMAN P09758 pancreatic carcinoma marker protein ga733-1 precursor.

	BF348702
	103
	 1e-19

	Mus musculus 10 days embryo cDNA, RIKEN full-length enriched library, clone: 2610528A17, full insert sequence. ACCESSION AK012159

5' similar to TR: O46084 O46084 EG:63B12.4 PROTEIN mRNA sequence.

	BF348703
	668 
	0.0
	Xenopus laevis signal sequence receptor beta subunit mRNA, complete cds. ACCESSION AF346565

	AI880935
	56
	2e-05
	Homo sapiens chromosome X clone RP11-54I20, RP11-66N11 map q28, complete sequence. ACCESSION AF274858 

	AI880936
	103
	2e-19
	Geodia cydonium mRNA for XPB/ERCC-3-like protein. ACCESSION Y17148 

	
	103
	2e-19
	Lycopersicon esculentum heat shock protein (HSP21) mRNA. ACCESSION U66300

	AI880937
	1043 
	0.0
	Xenopus laevis MARCKS-related-protein protein mRNA, complete cds. ACCESSION AF187864

	AI880938
	1423
	0.0
	Xenopus laevis ATP synthase subunit ( mRNA, complete cds. ACCESSION AF187862

	AI880939
	283
	1e-73
	X.laveis cytokeratin typeII mRNA (cytoskeletal protein). ACCESSION M13811

	AI880940
	111
	7e-22
	Urechis caupo mRNA for cytoplamic intermediate filament protein (structure protein). ACCESSION AJ004935

	
	111
	7e-22
	Homo Sapiens dolichy-phosphate beta-glucosyltranferase. ACCESSION AF102850

	
	111
	7e-22
	Lycopersicon esculentum heat shock protein (HSP21) mRNA. ACCESSION U66300

	
	111
	7e-22
	Mus musculus mRNA for receptor activity modifying protein 1 (Ramp1 gene). ACCESSION AJ314840 

	
	111
	7e-22
	Human mariner-like element-containing mRNA, clone pcHMT1. ACCESSION U48696

	AI880941
	1031
	0.0
	Xenopus laevis glycine amidinotransferase mRNA, complete cds. ACCESSION AF187863

	AI880942
	147 
	1e-32
	Rana esculenta mRNA for acidic ribosomal protein 1 (prp1 gene). ACCESSION AJ298875 

	AI880943
	94
	2e-16
	Homo sapiens annexin A3 (ANXA3), mRNA. ACCESSION XM_034350

	AI880944
	547
	1e-153
	Xenopus laevis mRNA for high mobility group HMG-17 (hmg-17 gene). ACCESSION AJ272075 

	AI880945
	58
	9e-06
	Homo sapiens similar to unnamed protein product (LOC160622), mRNA. ACCESSION XM_090399

	
	44 
	0.14
	Xenopus laevis desmoplakin-related protein mRNA, partial cds.

ACCESSION AF169314 

	AI880946
	58 
	1e-05
	H.sapiens mRNA for sortilin. ACCESSION X98248 

	AI880947
	182
	2e-43
	Rattus norvegicus protein arginine N-methyltransferase (PRMT1) mRNA, complete cds (metabolism). ACCESSION NM_02436 

	AI880948
	1031
	0.0 
	Xenopus laevis liver RNA helicase II/Gu mRNA, complete cds. ACCESSION AF302423 

	AI880949
	44
	0.14
	Homo sapiens clone IMAGE: 205156, mRNA sequence. ACCESSION AF339786 

	
	44
	0.14
	Homo sapiens F-box protein FBX10 mRNA, partial cds. ACCESSION AF176705 

	AI940806
	42
	0.57
	S.cerevisiae DNA from chromosome XII right arm including ACE2, CKI1, PDC5, SLS1, PUT1 and tRNA-Asp genes. ACCESSION X91258

	AI940807
	113
	2e-22
	Mus musculus interleukin enhancer binding factor 2 (Ilf2), mRNA. ACCESSION NM_026374 

	AI940808
	44
	0.15
	Xenopus laevis Nkx2-5 (Nkx2-5) gene, promoter region and partial. cds. ACCESSION AF283102.

	
	44
	0.15
	Xenopus laevis eomesodermin gene, promoter region. ACCESSION AF179418 

	AI940809
	56
	4e-05
	Rattus norvegicus nuclear ubiquitous casein kinase 2 (Nucks), mRNA. ACCESSION NM_022799 

	AI940810
	147
	6e-47
	G.gallus PR264 mRNA. ACCESSION X62446 

	AI940811
	44
	0.14
	Homo sapiens similar to putative (LOC115098), mRNA. ACCESSION XM_055230 

	
	44
	0.14
	Mus musculus cell division cycle 2 homolog (S. pombe)-like 2 (Cdc2l2), mRNA. ACCESSION NM_007661

	AI940812
	260
	1e-66
	Homo sapiens oxoglutarate dehydrogenase (lipoamide) (OGDH) mRNA (metabolism) ACCESSION XM_004889

	AI940813
	42
	2.2
	Caenorhabditis elegans cosmid F20C5 complete sequence ACCESSION Z68161

	Full sequence

	AF358133
	Xenopus laevis X-box binding protein (XXBP) mRNA, complete cds

	AF187862
	Xenopus laevis ATP synthase subunit ( mRNA, complete cds

	AF187863
	Xenopus laevis glycine amidinotransferase (XAT) mRNA, complete cds

	AF187864
	Xenopus laevis MARCKS-related-protein protein (XMLP) mRNA, complete cds

	AF346565
	Xenopus laevis signal sequence receptor beta subunit mRNA, complete cds


3.2 XXBP-1: a leucine zipper transcription activator involved in BMP-4 signaling pathway

3.2.1 XXBP-1 is a new member of the basic leucine zipper transcription factors 
The sequence of the XXBP-1 cDNA (the GeneBank accession number: AF358133) revealed an open reading frame encoding a polypeptide of 350 amino acids. Between amino acids 85 and 121 of the protein, there is a hypothetical leucine zipper sequence characteristic of basic leucine zipper (bZIP) transcription factors, in which six leucines are spaced seven residues apart. NH2-terminal flank to these heptad repeats of leucines, it is a basic domain abundant in arginine or lysine (Figure 3.2-1A). The predicated amino acid sequence is most similar to human X-Box binding protein 1 (hXBP-1, NM_005080, 66% amino acid identity; Liou et al., 1990), rat XBP-1 (JC4857 66% amino acid identity), mouse XBP-1 (NP_038870, 66% amino acid identity), and Zebrafish Treb5 (AY029577, 59% amino acid identity) as shown in Figure 3.2-1B. Although the sequences outside the bZIP domain are divergent compared to these proteins, it shares amino acid sequence of the inside leucine zipper domain and of the adjacent basic domain with them. Therefore it is likely to be the Xenopus homologue and was named as Xenopus X-box binding protein 1 (XXBP-1). 
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Figure 3.2-1. XXBP-1 protein sequence and the alignment with its homologues. (A) Deduced protein sequence of XXBP-1. The bZIP domain is underlined. The DNA sequence of XXBP-1 can be accessed in GeneBank using accession number: AF358133. (B) The alignment of XXBP-1 and its homologue in human, mouse, rat, and zebrafish. Black boxes indicate the conserved amino acids, and the gray boxes, the similar amino acids. Dashes represent gaps introduced into the sequence to obtain optimal alignment.

3.2.2 Spatial expression pattern of XXBP-1 suggests a role in BMP-4 signaling pathway

By whole-mount in situ hybridization (Figure 3.2-2), the expression of XXBP-1 was first detectable faintly in the animal halve of embryo before the gastrulation. As the gastrulation proceeded, the staining was intensified, becoming more concentrated on the dorsal blastopore lip (stage 10, 11; Nieuwkoop and Faber, 1975). In addition, the signal was also detected on the whole ventral marginal zone and the animal halve. With the gastrulation ongoing, the staining was graded from the blastopore region anteriorly. The perspective neural plate appeared devoid of staining, while concurrently the signal was detected on the ventral side. At the middle neurula stages, XXBP-1 were expressed ventrolaterlly at a lower level but the signals stretching from anterior to posterior along the neural crest were concentrated on the area adjacent to the most anterior of neural plate that corresponds to the cement gland primordium. This expression pattern is reminiscent of BMP-4, whose expression signals are also maximal in the cement gland primordium at this stage. Hence it inspired me to explore whether XXBP-1 is involved in BMP-4 signaling pathway in further studies. In addition, a signal zone along the bottom of neural plate was detected on the notochord corresponding to the previous pattern on the dorsal blastopore lip. In the late neurula or early tailbud stages, the staining was found  to be strong on the cement gland, stretching weakly to the hatching gland (Figure 3.2-2L, M). An additional signal territory also extended from the cement gland to the ventral side as shown in Figure 3.2-2M, and a more ventral view of this embryo was shown in Figure 3.2-2N. Though there is some evidence that human XBP-1 plays very important roles in the fetal liver development (Reimold et al., 2000), XXBP-1 expression was not likely correlated with the liver primordium. The transversal section shown in Figure 3.2-3B indicated that staining zone lay closely under the ventral ectoderm, but not on the area of perspective liver. In the tailbud stages the signals lay on the cement gland as well as the pronephros (mainly on the glomus part), which was then confirmed by histological analyses shown in Figure 3.2-3C. By deliberately overstaining, the signals were also detected on the ear vesicle and the upper part of lens in the tailbud stages (3.2-2O—R).

In summary, the expression pattern of XXBP-1 partially overlaps that of BMP-4 and suggests that XXBP-1 may play a role in dorsoventral patterning. 

[image: image2..pict]
Figure 3.2-2. The spatial expression of XXBP-1 revealed by whole-mount in situ hybridization. The expression of XXBP-1 signal is detectable faintly in the animal halve of embryos at 2-cell stage (A) and  stage 7 (B) before the gastrulation. (C) is the vegetal view of (B). As gastrulation proceeds, the staining is intensified, becoming more concentrated on the dorsal blastopore lip, and is also found on the whole ventral ectoderm (stage 10, D1-D3; stage 11, E1-E3). With the gastrulation going on (stage 11.5, F1-F3; stage 12, G1-G3 and stage 12.5, H1-H3), the staining is graded from the blastopore region anteriorly; the perspective neural plate appears devoid of staining, while concurrently ventral ectoderm is stained. (I), (J) and (K) show the anterior, dorsal and ventral views of the stage 15 embryo, respectively. Signals are concentrated on the area of the most anterior of neural plate (the prospective cement gland), stretching posteriorly along the neural crest in gradient. (L) and (M) display the anterior view of embryo at stage 19 and 20, respectively. The staining was detected strongly on the cement gland, stretching posteriorly to form weak signal strips on the hatching gland. An additional signal zone extends from the cement gland to the ventral side (N) (ventral view of the stage 20 embryo shown in M). (O)—(R) exhibit the expression pattern in a variety of tissues after the middle tailbud stages: the cement gland, the pronephros (mainly on the glomus part), the ear vesicle and the upper part of lens. (dor-lat: dorsal-lateral views of the gastrula embryos; veg: vegetal views of the gastrula embryos; ven: ventral views of the gastrula embryos) 

[image: image3..pict]
Figure 3.2-3. Histological analyses of XXBP-1 expression. (A) The transversal section of stage 12 embryo. (A1) The magnification of the framed part shown in (A). Signals are detected on the ventral ectoderm and dorsal blastopore lip. (B) The view of a sagittal section of stage 18 embryo. Signals lie on the cement gland and some adjacent ventral mesoderm (arrow indicated). (B1) The magnification of the framed part shown in (B). (C) The transversal section of stage 28 embryo showing the XXBP-1 expression signals on the pronephros (Abbreviation: ac, archenteron; bt, blastocoel; bl, blastopore lip; cg, cement gland; ed, ectoderm; en, endoderm; nc, notochord; pn, pronephros; sc, spinal cord; sm, somite).

3.2.3 The expression  of XXBP-1  in the developing embryo and adult tissues

The temporal expression of XXBP-1 and the expression level in different adult tissues were studied using RT-PCR analyses, which was performed with RNA extracted from embryos at different embryonic stages and that from different adult tissues, respectively, using the XXBP-1 specific primers. The results revealed that XXBP-1 was a maternal factor which was weakly expressed before the gastrula stages, up-regulated during the gastrulation and kept in a persistent level in the following stages (Figure 3.2-4). And XXBP-1 was also shown as a ubiquitous factor which was expressed in all tested tissues with relatively higher expression level found in liver, lung and stomach (Figure 3.2-5).
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Figure 3.2-4. The temporal expression pattern of XXBP-1 during the embryonic development revealed by RT-PCR analysis. 1.0 µg of total RNA extracted from embryos at different embryonic stages was used for the reverse transcription, and ODC was employed as internal standard for normalization. XXBP-1 is a maternal factor which is weakly expressed before the gastrula stages, up-regulated during gastrulation and kept in a persistent level in the following stages. Top: XXBP-1; bottom: ODC.
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Figure 3.2-5. The expression of XXBP-1 in different adult tissues revealed by RT-PCR analysis. 1.0 µg of total RNAs extracted from different adult tissues was used for the reverse transcription, and H4 was employed as the loading control. The expression of XXBP-1 is found in all tested tissues with relatively higher expression level in liver, lung and stomach (br, brain; ey, eye; he, heart; in, intestine; ki, kidney; li, liver; lu, lung; mu, muscle; ne, nerve; ov, ovary; sp, spleen; st, stomach; te, testis).

3.2.4 Down-regulation of XXBP-1 by retinoic acid (RA)

During the embryonic development of Xenopus laevis, RA treatment leads to the inhibition of anterior axis, and XXBP-1 happens to be expressed on the cement gland, it is therefore plausible to investigate the effects of RA on XXBP-1 expression. Embryos were treated with RA (10-6 M) during the stage 8-11 and harvested at the tailbud and neurula stages for whole-mount in situ hybridization with XXBP-1 antisence RNA (Figure 3.2-6), which showed a significant reduction of XXBP-1 expression in 34 out of 49 RA-treated embryos (87%) compared to the untreated embryos, indicating that RA can down-regulate XXBP-1 expression in the tailbud and neurula stages. The staining on the cement gland, the sensitive expression domain of XXBP-1, was strongly diminished by the RA treatment. This is corresponding to the reduction of anterior axis. In extreme cases shown in Figure 3.2-6A, the staining of XXBP-1 on the pronephros was also abolished.

[image: image6..pict]
Figure 3.2-6. Effects of retinoic acid (RA) treatment on XXBP-1 expression revealed by whole-mount in situ hybridization. Embryos were treated with RA (10-6 M) during the stage 8-11 and harvested at the tailbud and neurula stages for whole-mount in situ hybridization with XXBP-1 antisence RNA. The signals on the treated embryos (A, tailbud and C, neurula) are strongly reduced compared to that on the normal embryos (B, tailbud and D, neurula), indicating that retinoic acid can down-regulate XXBP-1 expression.

3.2.5 Neural inhibitors and MO (-catenin expand the expression zone of XXBP-1 on the dorsal side of embryo

The lack of XXBP-1 expression on the perspective neural plate during the gastrulation indicates that it may play negative regulatory roles in the neural induction. For this consideration, the effects of anti-neural factors such as BMP-4, UV radiation, Msx1 and Dlx3 on the expression of XXBP-1 were investigated by whole-mount in situ hybridization. In addition, with respect to the evidences that Wnt/(-catenin pathway play roles in the dorsal ectoderm patterning (Baker et al., 1999; Beanan et al., 2000), whether the morpholino (MO) (-catenin which can block the Wnt/(-catenin signaling pathway has effects on the regulation of XXBP-1 was also examined. Embryos at the 4-cell stage were injected into two dorsal blastomeres with MO (-catenin (8 ng/embryo), BMP-4 (1 ng/embryo), Dlx3 (80 pg/embryo) and Msx1 (80 pg/embryo) mRNA, respectively. The UV treatment was performed as described in 2.2.2. The treated embryos were grown till the gastrula stages (stage 11-12) for subsequent whole-mount in situ hybridization with XXBP-1 antisense RNA. Figure 3.2-7 shows that all these factors were able to expand the expression region of XXBP-1 on the dorsal side of the embryos. In the case of BMP-4 (98%, 42 out of 43 embryos), MO (–catenin (100%, 73 out of 73 embryos), UV (100%, 23 out of 23 embryos) treated embryos, XXBP-1 was activated in the dorsal marginal zone, resulting in unrestricted expression of the gene in the entire marginal zone. While Msx1 (70%, 16 out of 23 embryos) and Dlx3 (100%, 29 out of 29 embryos) could expand the ventral expression territories of XXBP-1 to the prospective neural plate. The discernable staining was found covering the perspective neural plate. These results indicated that XXBP-1 expression could be up-regulated by the known neural inhibitors; therefore it is likely that XXBP-1 is involved in the differentiation of epidermis. Moreover, XXBP-1 may also be a negative target of Wnt/(–catenin pathway because the blockage of this pathway by MO (-catenin also led to the expansion of expression territories of XXBP-1.
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Figure 3.2-7. Neural inhibitors and morpholino (-catenin expand the expression territories of XXBP-1. 4-cell stage embryos were injected into two dorsal blastomeres with morpholino (-catenin (8 ng/embryo, A), BMP-4 (1 ng/embryo, B), Dlx3 (80 pg/embryo, C) and Msx1 (80 pg/embryo, F) mRNA, respectively, and were harvested at the gastrula stages for whole-mount in situ hybridization with XXBP-1 antisence RNA. UV-treated and normal embryos were exemplified in (D) and (E), respectively. All these factors can expand the expression area of XXBP-1.

3.2.6 Disruption of neural marker genes by overexpression of XXBP-1

The expression pattern of XXBP-1 suggests a role in antagonizing neural induction and in 3.2.5 it has been shown that XXBP-1 expression could be up-regulate by known neural inhibitors. Next it is plausible to ask whether it inhibits neural markers. To address this issue, 200 pg of XXBP-1 mRNA was co-injected with 100 pg of (-galactosidase (LacZ) mRNA which was served as lineage tracer into one of dorsal blastomeres of 4-cell stage embryos. Grown to the late neurula stages (stage 18-19), the injected embryos were fixed and stained with X-gal. Embryos exhibiting (-galactosidase activity on one side of the neural tube region underwent whole-mount in situ hybridization (Figure 3.2-8) using probes for XAG2 (cement gland marker, Aberger et al., 1998), Otx2 (anterior neural marker, Blitz et al., 1995), Rx2A (lens marker, Yoshitake et al., 1999), En2 (marker for the mid/hindbrain boundary, Hemmati-Brivanlou et al., 1991), Krox20 (marker for the r3 and r5, Bradley et al., 1993), Pax6 (neural marker, Hollemann et al., 1998a), and Sox3 (pan neural marker, Penzel et al., 1997) respectively. One-side XXBP-1 injection resulted in the reduction of the neural marker Otx2 (60%, 94 out of 156 embryos), Rx2A (41%, 47 out of 116 embryos), En2 (49%, 31 out of 63 embryos), Krox20 (71%, 34 out of 48 embryos), Pax6 (50%, 28 out of 56 embryos), and Sox3 (58%, 44 out of 76 embryos). The pronounced suppression was indicated by the diminution or disappearance of the expression territories of these genes. In contrast to the neural markers, no apparent expression variation of XAG2 has been found under the same mRNA injection dose. The inhibition of neural markers suggests that XXBP-1 may play an instructive role in the formation of epidermal tissue. However, it should be considered that one-side injection of XXBP-1 could cause wrong morphogenetic movement revealed by the depression at the injected side or the defect of gastrulation in some cases. Therefore, it cannot be exclude that the interfered morphogenetic movement may also lead to the disruption of neural markers. For this consideration, the animal cap assay was carried out as described in 3.2.10. 
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Figure 3.2-8. Overexpression of XXBP-1 suppresses neural marker genes. The one-side suppression of neural markers was revealed by whole-mount in situ hybridization with antisense probes of these neural genes. 200 pg of XXBP-1 mRNA together with 100 pg of LacZ mRNA were co-injected into one dorsal blastomere of 4-cell stage embryos. The surviving embryos developed till the late neurula stages. The injected side was visualized by lacZ staining. (A) The normal expression pattern of the cement gland marker, XAG2. (B) XAG2 was not significantly affected under this dose. (C), (E), (G), (I), (K) and (M): The control expression pattern of Otx2 (anterior neural marker), Rx2A (lens marker), En2 (marker for the mid/hindbrain boundary), Krox20 (marker for the r3 and r5), Pax6 (neural marker) and Sox3 (pan neural marker), respectively. (D), (F), (H), (J), (L) and (N): The expression of these neural maker genes (see above in order) were inhibited in the injected side of embryos.

3.2.7 XXBP-1 suppresses the dorsal mesoderm markers chordin (chd) and goosecoid (gsc) 

Inspection of XXBP-1 expression within the gastrula stages revealed the staining on the dorsal blastopore lip as described in Figure 3.2-2, which suggests that it may interact with genes affecting the dorsoventral patterning of the marginal zone. I therefore studied the interactions between XXBP-1 and the dorsal mesoderm marker genes chordin (chd) and goosecoid (gsc) using whole-mount in situ hybridization and dorsal marginal zone (DMZ) analysis. The embryos injected dorsally to the equatorial region at the 4-cell stage with XXBP-1 mRNA (0.1 ng/blastomere) were harvested at the stages 11-11.5 for whole-mount in situ hybridization with chd and gsc antisense RNA. The results showed that the injection of XXBP-1 led to the suppressions of chd (65%, 37 out of 57 embryos) and gsc (75%, 42 out of 56 embryos) revealed by their diminished staining on dorsal blastopore lip (Figure 3.2-9I). This was further confirmed by DMZ analyses (Figure 3.2-9II). Four-cell stage embryos were injected into the equatorial region of four blastomeres with 0.1 ng/blstomere or 0.4 ng/blstomere of XXBP-1 mRNA. DMZs were dissected at the early gastrula stage (stage 10-10.5), and cultured till sibling embryos developed to the stage 11. Using chd and gsc specific primers, RT-PCR analyses showed that injection of XXBP-1 acted in a dose-dependent manner to down-regulate the dorsal mesoderm markers chd and gsc in the DMZ.
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Figure 3.2-9. Overexpression of XXBP-1 down-regulates the dorsal mesoderm markers chordin (chd) and goosecoid (gsc).

(I)
Ectopic expression of XXBP-1 suppresses chd and gsc at gastrula stages revealed by whole-mount in situ hybridization. The embryos were injected into marginal zone at 4-cell stage with 0.1 ng/blastomere of XXBP-1 mRNA and harvested at stages 11-11.5 for whole-mount in situ hybridization using chd and gsc antisense RNA, respectively. (A) and (C) Normal gastrula embryos. (B) and (D) XXBP-1-injected gastrula embryos blotted by chd antisense RNA and gsc antisense RNA, respectively. The injection of XXBP-1 leads to the suppression of chd and gsc.

(II)
Overexpression of XXBP-1 down-regulates chd and gsc revealed by RT-PCR analysis. Embryos were injected into the equatorial region of four blastomeres at 4-cell stage with 0.1 or 0.4 ng of XXBP-1 mRNA per blastomere, and DMZ was then dissected and harvested at stage 11 for RT-PCR analyses. st11, stage 11 embryo (lane 1); DMZ st11, XXBP-1-unjected DMZ (lane 2); 0.1, DMZ from embryos injected with 0.1 ng/blastomere of XXBP-1 mRNA (lane 3); 0.4, DMZ from embryo injected with 0.4 ng/blastomere XXBP-1 mRNA (lane 4); RT-, control without reverse transcriptase (lane 5). The expressinon of chd and gsc is suppressed.  
3.2.8 Overexpression of XXBP-1 leads to embryos ventralization

The expression pattern of XXBP-1 shows overlaps to that of BMP-4 and suggests that XXBP-1 may play a role in dorsoventral patterning of embryonic development, which inspired me to further investigate this hypothesis using gain-of-function approach. 

Embryos injected into two dorsal blastomeres at the 4-cell stage with 0.2 ng of XXBP-1 mRNA per embryo showed a range of ventralization phenotype (93%, 81 out of 87 embryos, Figure 3.2-10) according to dorsoanterior index 4-2 (DAI, 4-2) (Kao and Elinson, 1988), which demonstrated the suppression of anterior axis. The most prominent abnormalities were the suppression of anterior-dorsal structures including the cement gland, eyes, otic vesicles and in many cases, the entire heard. With a dose of 0.4 ng of XXBP-1 mRNA per embryo, the injected embryos showed the loss of head structure and axis defect and most of them could be scored as DAI 2 or 1 (100% ventralization, 99 out of 99 embryos). With the highest dose (0.8 ng/embryo) injected into either two dorsal or all four blastomeres of 4-cell stage embryos, the embryos also exhibited ventralization. The extreme cases showed the complete loss of axial structures characteristic of maximally ventralized embryos with DAI of 0 or 1 (93% ventralization for the dorsal injection, 38 out of 41 embryos; 100% ventralization for the radial injection, 21 out of 21 embryos). The representative phenotypes were shown in Figure 3.2-10, whose details were further revealed by histological analyses. Compared to the normal (Figure 3.2-10G), the injected embryos (Figure 3.2-10H) demonstrated the reduction of notochord as well as the indiscernible brain or neural tube. The transversal sections of injected embryos (shown in Figure 3.2-10E) even indicated the loss of notochord (data not shown). The effects of injection were dose-dependent and much less pronounced if ventral blastomeres were targeted. When injected ventrally with 0.2 ng of XXBP-1 mRNA per embryo, 7 out of 56 embryos (12.5%) appeared normal, 8 (14%) showed ventralization (DAI 5-4) and 41 (73%) showed posterior enlargement. While when injected ventrally with 0.8 ng, 17 out of 17 embryos (100%) exhibited mild microcephcephaly.
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Figure 3.2-10. Phenotypes of XXBP-1-injected embryos. (A)—(C) The range of ventralization phenotypes of embryos injected dorsally at 4-cell stage with 200 pg of XXBP-1 mRNA. (D) and (E) The extreme phenotype of embryos injected at 4-cell stage into two dorsal with 400 pg of XXBP-1 mRNA, and into four blastomeres with 800 pg of XXBP-1 mRNA, respectively. The injected embryos completely lost the anterior-posterior and dorsal-ventral axis. (G) The transversal section of sibling control embryo. (H) The transversal section of XXBP-1 injected embryo shown in (B). Noted that the reduction of notochord as well as the indiscernible brain or neural tube (Abbreviation: nt, notochord; pn, pronephros; sm, somite; sc, spinal cord). Overexpression of XXBP-1 suppresses dorsoanterior structure of the injected embryos in a dose-dependent manner.
3.2.9 Overexpression of XXBP-1 leads to ventralization of dorsal mesoderm 

Ventralization of cell fates was further corroborated by analyses of the expression of marker genes involved in the dorsoventral patterning. Gastrula-stage ventral marginal zone (VMZ) and dorsal marginal zone (DMZ) explants were dissected from embryos microinjected into the equatorial region of four blastomeres at the 4-cell stage with low and high concentrations of XXBP-1 mRNA, respectively, thereafter cultured till the stage 22, and assayed by RT-PCR for the relative expression level of various maker genes (Figure 3.2-11). 

Gsc, a marker for head mesoderm in tailbud embryos, was repressed strongly by XXBP-1. Likewise, Xnot, a marker for notchord, was also suppressed, but in a less sensitive manner compared to gsc. This indicates that the formation of both head mesoderm and notochord is affected by XXBP-1. The suppression of Otx2 was pronounced, which confirms the results shown in Figure 3.2-8D. Unexpectedly, there was no significant decrease in the expression of chd, which appears controversial to the results of whole-mount in situ hybridization with gastrulae injected with XXBP-1                                                                    shown in Figure 3.2-9IB. A similar DMZ analysis was then carried out with mRNA from stage 11 DMZ dissected from XXBP-1 injected embryos (Figure 3.2-9II). The results were consistent with that of whole-mount in situ hybridization. Considering that 65% of injected embryos showed decreased expression domain of chd, it is likely that RT-PCR may not always reflect the insensitive repression. Alternatively the difference of culture period might account for the indiscernible decrease. The expression of ADMP varied with different injection doses. It was enhanced when injected with 0.1 ng of XXBP-1 mRNA per blastomere but attenuated when injected with 0.4 ng of XXBP-1 mRNA per blstomere, compared to the untreated DMZ. The loss of dorsal mesoderm marker genes expression paralleled a gain in expression of intermediate and ventro-posterior mesoderm markers. Cardiac actin, a marker for dorsolateral mesoderm, was induced by XXBP-1 at low concentration. However the transcription factor MyoDb was down regulated, indicating that it may be more sensitive to the induced ventralization. Dose-dependent induction of ventral marker genes by XXBP-1 was varied for the different markers. Xven-2 was steadily induced, while Xhox3, Xvent-1, BMP-4 showed dose-dependent inducible fashion. The expression of XAG1 was kept stably with the low dose injection, but was suppressed with the high dose injection. Taken together, overexpression of XXBP-1 in the explanted dorsal marginal zones led to a down-regulation of dorsal marker genes, and in parallel, up-regulation of ventral marker genes.
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Figure 3.2-11. Overexpression of XXBP-1 leads to ventralization of dorsal mesoderm. 4-cell stage embryos were either uninjected (st22, DMZ, VMZ, -RT) or microinjected into the equatorial region of four blastomeres of 4-cell stage embryos with increasing amounts of XXBP-1 mRNA (indicated on the top in ng mRNA per blastomere). Dorsal marginal zone (DMZ) and ventral marginal zone (VMZ) were explanted at the early gastrula stage (stage 10-10.5), subsequently incubated until sibling embryos reached stage 22. 1.0 ng of total RNA was employed for the reverse transcription and analyzed by RT-PCR for the expression of gsc, chd, Xnot, ADMP, Otx2, cardiac actin, MyoDb, Xhox-3, Xven-1, Xvent-2, BMP-4, XAG1. ODC served as the loading control. St22, RNA isolated from the whole embryos at stage 22; RT-, control without reverse transcriptase.
3.2.10 XXBP-1 reverses dorsalization induced by dominant negative BMP-4 receptors

Referred to the expression pattern, both XXBP-1 and BMP-4 are excluded from the perspective neural plate during the gastrulation, and their expressions in the neurula stages were quite similar. Moreover, gain-of-function experiments reveal that both of them can induce the ventralization of embryos. This congruence implies that the two factors may act in a common pathway. With respect to this, I next tested the relationship between XXBP-1 and BMP-4 signaling pathway by using the animal cap assay and gain-of-function assay. 

Embryos were injected into four blastomeres at the 4-cell stage with following mRNAs, respectively: 0.4 ng of XXBP-1, 1.6 ng of tBMPRI (truncate BMP receptor I, Suzuki et al., 1994), a mixture of 1.6 ng of tBMPRI and 0.4 ng of XXBP-1, and a mixture of 1.6 ng of tBMPRI, 0.8 ng of tBMPRII (truncte BMP receptor II; Frisch, 1998) and 0.4 ng of XXBP-1. RT-PCR analyses (Figure 3.2-12I) were carried out with RNA extracted from animal caps dissected from these embryos. The epidermis markers epidermal keratin (EK) was strongly expressed in both untreated and XXBP-1-injected animal caps, while a mild increase expression of XAG1 and a down-regulation of Otx2 were found in the XXBP-1-injected animal caps. As described elsewhere (Suzuki et al., 1994; Sasai et al., 1995), ectopic expression of tBMPRI in ectoderm resulted in neural induction which was revealed by a robustly increase in the expression of neural markers Otx2 and NCAM, and a decrease in the expression of EK in the animal cap assay. In the present study, the expression of EK was partially restored accompanying with decreases in expressions of Otx2 and NCAM when tBMPRI (1.6 ng) and XXBP-1 (0.4 ng) co-injected into the ectoderm. In the case of co-injection of tBMPRI (1.6 ng), tBMPRII (0.8 ng), and XXBP-1 (0.4 ng), the expression levels of NCAM and Otx2 were moderate in between those obtained with injections of tBMPRI alone and the combination of tBMPRI and XXBP-1. Taken together, the ectodermal cell receiving mixers of tBMPRs and XXBP-1 adopted a cell fate prior to epidermis.  XXBP-1 was able to rescue epidermal fate and block neural induction imposed by tBMPRI in animal cap assay. Thus, XXBP-1 may act downstream of BMPs receptors.

This was further confirmed by gain-of-function experiments. 4-cell stage embryos were microinjected either ventrally or radially with mRNA of either tBMPRI alone or a mixture of tBMPRI and XXBP-1. The ectopic tBMPRI led to the formation of secondary embryonic axis when injected ventrally (43%, 23 of 53 embryos, Figure 3.2-12IIB) or dorsalization indicated by the enlargement of anterior structure (100%, 27 of 27 embryos, Figure 3.2-12IIE). The phenotype of dorsalization could be efficiently reversed by the co-injection with XXBP-1. The embryo injected ventrally with a mRNA mixture of XXBP-1 and tBMPRI (Figure 3.2-12IIC) exhibited similar phenotype of XXBP-1 ventral injection (94.3%, 82 out of 87 embryos, Figure 3.2-12IID), showing a slight repression of anterior axis with a significant posterior enlargement. Additionally the embryos injected radially with XXBP-1 showed a range of phenotypes of ventralization revealed by the regression of anterior structure (92%, 11 out of 12 embryos; Figure 3.2-12IIF, G). 

In summary, these data support the hypothesis that XXBP-1 is a component of the BMP-4 signaling pathway and acts downstream of BMP-4 receptors.
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Figure 3.2-12. XXBP-1 reverses the dorsalization induced by tBMPRI. 
(I) Gene expression in animal caps injected with indicated mRNAs. Animal caps were dissected from stage 9 embryos injected into 4 blastomeres at 4-cell stage with 0.4 ng of XXBP-1 (lane3), 1.6 ng of tBMPRI (lane4), 1.6 ng of tBMPRI + 0.4 ng of XXBP-1 (lane5), 1.6 ng of tBMPRI + 0.8 ng of tBMPRII + 0.4 ng of XXBP-1 (lane6), respectively, and were cultured till sibling control reached stage 28. Overexpression of XXBP-1 rescues the neural induction induced by tBMPRI and tBMPRII. The absence of Xbra signal verified that the animal caps were not contaminated with mesoderm. St28, RNA isolated from the whole embryos at stage 28 (lane1); AC, RNA isolated from control animal cap (lane2); RT- (lane7), control without reverse transcriptase; tBMPRI, truncated BMPs receptor I; tBMPR II, truncated BMPs receptor II. 

(II) Microinjection of XXBP-1 rescues dorsalization induced by tBMPRI. (A) The sibling control. (B) Embryo showing the secondary axis which was microinjected into two ventral blastomeres at 4-cell stage with 1.6 ng of tBMPRI mRNA. (C) and (D) Embryos microinjected into two ventral blastomeres at 4-cell stage with a mRNA mixture of 1.6 ng of tBMPRI and 0.2 ng of XXBP-1, and 0.2 ng of XXBP-1 mRNA, respectively. Phenotypes of embryos microinjected into four blastomeres at 4-cell stage were shown in (E) (1.6 ng of tBMPRI mRNA) and (F, G) (an mRNA mixture of 1.6 ng of tBMPRI and 0.4 ng of XXBP-1). The dorsalization induced by tBMPRI was rescued by co-injection with tBMPRI and XXBP-1.

3.2.11 Noggin antagonizes XXBP-1 in animal cap assay

To confirm that XXBP-1 plays a role in BMP-4 signaling pathway, the regulation of XXBP-1 expression by neuralizing factors such as noggin, Zic3 (Nakata et al., 1997) and MO (-catenin was studied using the animal cap assay. Embryos were injected into all four blastomeres at the 4-cell stage with noggin (160 pg/embryo), Zic3 (160 pg/embryo), as well as MO (-catenin (16 ng/embryo). The XXBP-1 expression manner was monitored by RT-PCR analysis using the RNA extracted from animal caps dissected from the injected embryos described above (Figure 3.2-13). The results indicate that XXBP-1 was in the same way suppressed by noggin as BMP-4 described elsewhere  (Gammill et al., 2000), accompanying with the induction of NCAM. Both XXBP-1 and BMP-4 could be down-regulated by Zic3 in an insensitive manner. While the injection  of MO (-catenin had no significant effects on XXBP-1 expression as well as BMP-4 though the expression domain of XXBP-1 can be expanded to the perspective neural plate with whole-mount in situ hybridization. Thus, it is suggested that the induction of XXBP-1 by MO (-catenin and BMP-4 requires the involvement of other factors. The differences of the two experimental approaches may also account for the variation.
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Figure 3.2-13. Down-regulation of XXBP-1 by ectopic expression of noggin in animal cap assay. Animal caps dissected from stage 9 embryos injected into all four blastomeres at the 4-cell stage with 16 ng of morpholino (-catenine, 160 pg of Zic3, and 160 pg of noggin as indicated, respectively, were assayed by RT-PCR for monitoring the expression of BMP-4, XXBP-1, Vent-1 and NCAM. ODC was server as loading control. Noggin suppresses simultaneously the expression of XXBP-1 and BMP-4, but induces NCAM.

3.2.12 XXBP-1 acts as a transcription activator

The sequence comparison shows that XXBP-1 belongs to basic leucine zipper transcription factors, it naturally gives rise to a question whether it is responsible for activating or repressing transcription. Three repressor and activator fusions were then constructed by fusing the putative DNA–binding domain of XXBP-1 to the previously characterized sequences encoding activating or repressing domain of transcription factors, i.e. XXBP1-EnR fused with the repressor domain from Drosophila engrailed (Jaynes and O’Farrell, 1991), XXBP1-Eve fused with the repressor domain of even-skipped (Han and Manley, 1993) and XXBP1-VP16 fused with the activator domain of VP16 (Friedman et al., 1988). The schematic diagram of the XXBP-1 wild type and fusion constructs were shown in Figure 3.2-14I. Theoretically the fusion constructs should phenocopy or at least partially mimic XXBP-1 wild type in the overexpression experiments if they have the same transcription feathers as XXBP-1. Moreover, as XXBP-1 could mediate BMP-4 signaling, it was expected that the loss of XXBP-1 might lead to neural induction in animal cap assay or formation of secondary embryonic axis in overexpression experiments. In addition, based on the expectation that truncated XXBP-1 may sequester the wild-type XXBP-1 and interfere dimerization, a truncated XXBP-1 containing only the sequence encoding basic leucine zipper domain was also constructed.

Overexpression of the fusion constructs with high doses caused apoptosis, the dosages were therefore adjusted to avoid this phenotype. Embryos microinjected dorsally with the same mRNA dose (0.16 ng/embryo) of XXBP1-Eve, XXBP1-EnR or truncated XXBP-1 showed either gastrulation defect leading to spina bifida or the loss of anterior structure which may also be due to the interference of morphogenetic movement. Embryos with ectopic expression of XXBP1-VP16 (0.04 ng/embryo) exhibited either the strong loss of dorsal-anterior structure as that with overexpression of wild-type XXBP-1, or severe gastrulation blockage called exogastrulation. The results of microinjection were compiled in Table 3.2-1.

The embryos microinjected ventrally with the same dose (0.16 ng/embryo) of XXBP1-EnR or truncated XXBP-1 also showed spina bifida. However those microinjected with XXBP1-VP16 (0.04 ng/embryo) exhibited a similar phenotype of the posterior axis enlargement as wild-type XXBP-1 (96%, 70 out of 73 embryos), although the reason is still obscure. Overexpression of XXBP1-Eve led to either the secondary axis with a low ratio of 10% or gastrulation defect giving rise to spina bifida (81%, 79 out of 98 embryos) (Figure 3.2-14 and Table 3.2-1). So it is likely that XXBP-1 functions as a transcription activator.
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Figure 3.2-14. Overexpression of  the fusion constructs and the truncated XXBP-1.
(I) Schematic diagrams of the fusion constructs and the truncated XXBP-1. The sequence (amino acids 1-126) containing the basic leucine zipper DNA binding domain (bZIP) of XXBP-1 is shown in white box. The remaining sequence (amino acids 127-350) in carboxyl terminal region is indicated with vertical-dashed box, which was then replaced by VP16 activation domain indicated by dark-dashed box to form XXBP1-VP16, or by even-skipped repressor domain indicated by dark box to form XXBP1-Eve. The sequence encoding the amino terminal region (amino acids 1-126) of XXBP-1 was subcloned into pCS2MTEnR containing coding sequence of engrailed repression domain to obtain XXBP1-EnR. The XXBP1-EnR consists of the Myc domin (write-dashed box), the bZIP domain (write box) and the engrailed domains (dark box with net). Truncated XXBP-1 containing bZIP (amino acids 1-126) was also constructed. 

(II) Phenotypes of embryos injected with the different constructs. Embryos were injected into two ventral blastomeres at 4-cell stage with (A) 0.16 ng of truncated XXBP-1 mRNA, (B, C) 0.16 ng of XXBP1-Eve mRNA, (D) 0.16 ng of XXBP1-EnR mRNA, (E) 0.04 ng of XXBP1-VP16 mRNA, (F) 0.2 ng of wild-type XXBP-1 mRNA. Note that XXBP1-Eve induces secondary axis in embryos, but XXBP1-VP16 induces the phenotype as wild-type XXBP-1. The embryos injected with XXBP1-VP16 and XXBP-1 wild type show the same enlarged posterior part, suggesting the XXBP-1 and XXBP1-VP16 have the same transcription characters.

Table 3.2-1. Phenotypes of ectopic expression of the XXBP-1 constructs.

	mRNA injected
	Dose and injection location
	Normal
	Bent axis
	Twin axis
	Gastrulation defect
	Microcephalic
	Posterior enlargent

	Truncated XXBP-1
	0.08 ng, 2/4V
	67 (76%)
	11 (13%)
	
	10* (11%)
	
	

	Truncated XXBP-1
	0.16 ng, 2/4V
	24 (27%)
	39 (44%)
	
	26* (29%)
	
	

	XXBP1-EnR
	0.08 ng, 2/4V
	5 (8%)
	47 (75%)
	
	11* (17%)
	
	

	XXBP1-EnR
	0.16 ng, 2/4V
	
	22 (35%)
	
	40* (65%)
	
	

	XXBP1-Eve
	0.16 ng, 2/4V
	9 (9%)
	
	10 (10%)
	79* (81%)
	
	

	XXBP1-Eve
	0.08 ng, 2/8V
	
	20 (61%)
	1 (3%)
	12* (36%)
	
	

	XXBP1-VP16
	0.08 ng, 4/4
	
	
	
	
	13§ (100%)
	

	XXBP1-VP16
	0.04 ng, 2/4V
	
	
	
	
	3 (4%)
	70 (96%)

	XXBP1-Eve
	0.16 ng, 2/4D
	2 (2%)
	
	
	84* (98%)
	
	

	Truncated XXBP-1
	0.16 ng, 2/4D
	31 (44%)
	
	
	39* (56%)
	
	

	XXBP1-EnR
	0.16 ng, 2/4D
	13 (18%)
	
	
	52* (71%)
	8 (11%)
	

	XXBP1-VP16
	0.04 ng, 2/4D
	
	
	
	27# (54%)
	23 (46%)
	


The results were scored till injected embryo developed into approximately the stage 32. 2/4D: Two dorsal blastomeres of 4-cell stage embryos were injected; 2/4V: Ventral injection at the 4-cell stage; 2/8V: Two ventral blastomeres were injected at the 8–cell stage; 4/4: all four blastomeres of 4-cell stage embryo were injected. The percentage of the available case is shown in parenthesis.

* the gastrulation defect giving rise to spina bifida. 

# the gastrulation defect exogatrulation.
§ severe ventralization with DAI (1-0).
The animal cap assay (Figure 3.2-15) was also carried out to further investigate whether XXBP-1 is transcription activator or not. As expected, neural marker NCAM, nrp1 and Otx2 were induced in the explants by XXBP1-Eve in a dose-dependent manner. However only Otx2 could be slightly induced by truncated XXBP-1 and XXBP1-EnR. Injection of XXBP1-VP16 led to a similar expression manner of the tested markers as XXBP-1 wild type except a weak up-regulation of XAG1. Therefore it supports that XXBP-1 functions as a transcription activator during the embryonic development.
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Figure 3.2-15. Animal caps assay with XXBP-1 constructs. Animal explants were dissected from embryos with mRNAs of XXBP1-VP16 (0.08 ng/embryo), XXBP1-Eve (0.64 ng/embryo), XXBP1-Eve (0.32 ng/embryo), truncated XXBP-1 (0.32 ng/embryo), XXBP1-EnR (0.32 ng/embryo) and  tBMPRI (1.6 ng/embryo), and XXBP-1 (0.32 ng/embryo), respectively, and were culture till sibling embryos reached stage 27 for RT-PCR analyses. Note that XXBP1-Eve induces neural marker genes NCAM and nrp1, suggesting that XXBP-1 funcations as a transcription activator. ODC was employed as a loading control. RT-, samples from the whole uninjected embryo without reverse transcription.

3.3 Isolation and characterization of XMLP

3.3.1 Isolation of the gene encoding Xenopus laevis MARCKS like protein (XMLP)

Another clone encoding a predicted polypeptide of 187 amino acids has poor background in the GeneBank. The comparison search indicates that it is most correlated to MARCKS like proteins (MLP), members of MARCKS family (Figure 3.3-1). Although it shares a low identity (32% identity) with the MLPs of mouse, rat, human or rabbit which show a relatively higher identity to each other, the predicted protein sequence of XMLP contains three domains similar to those which are conserved in all other members of MARCKS and MLP families: A myristoylated consensus following the glycine residue at position 2 in the amino terminal region, the site of intron splicing and the putative phosphorylation site domain (PSD). For this reason, it is named as Xenopus MARCKS like protein (XMLP). The full sequence was submitted to GeneBank and assigned the accession number: AF187864. At the 5' end, 95 untranslated nucleotides precede the translation initiation site (Kozak, 1986) and at the 3' end the coding region ends with an in-frame stop codon at the position 658, which is followed by a 921-base untranslated sequence. A consensus polyadenylation signal AATAAA is present upstream from the putative poly (A) tail.
The theoretical isoelectric point (pI) of XMLP is 4.38 and that of PSD are 12.06 (http://www.expasy.ch/tools/pi_tool.html), both of which are similar to the common character of this protein family (Blackshear, 1993; Ramsden, 2000). 
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Figure 3.3-1. Comparison of the deduced protein sequence of XMLP with MLPs from human, mouse and rabbit. The black boxes show the conserve amino acids, and the gray boxes, the similar amino acids. The dashes present the gap introduced into the sequence in order to obtain optimal alignment. The similar domains are underlined.

3.3.2 Spatial and temporal expression of XMLP

The whole-mount in situ hybridization (Figure 3.3-2) revealed that abundant XMLP maternal transcripts were in the animal halves of embryo during the cleavage stages (Figure 3.3-2A, B). Until the gastrula stages, the signals were detected in almost all regions except the yolk plug (Figure 3.3-2C). Histological analyses showed that XMLP was predominantly expressed in the ectoderm and mesoderm at the stage 11.5 (Figure 3.3-2D). From the late gastrula stages the transcripts decreased and were restricted to the neural plate (Figure 3.3-2E, F). Transversal section of the neurula (stage 15) depicted the presence of signals in the neuroectoderm (Figure 3.3-2G). Subsequently, the signals have been located in the neural folds and brain area at the early tailbud stage (Figure 3.3-2H, I, M). Sagittal and transversal sections of this stage are shown in Figure 3.3-2J, K and L. At the stage 34 the signals appeared in the head area, somites, gills, pronephros and renal tube (Figure 3.3-2 O, P, Q). 
The temporal expression of XMLP was studied by RT-PCR analyses (Figure 3.3-3), which showed that transcripts could be detected in embryos at any stage. The transcription level was decreased from the uncleaved egg till the stage 23, after which it again rose slightly in the following stages and finally maintained stable. The expression of XMLP in different adult tissues revealed by RT-PCR analyses (Figure 3.3-4) indicated that XMLP was abundant in all tested tissues with a relatively low expression level found in intestine and kidney.
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Figure 3.3-2 The spatial expression of XMLP revealed by Whole-mount in situ hybridization. (A) and (B) Maternally expressed XMLP is present in cleave stages. (C) In gastrula stages, signals are detected in the ectoderm and mesoderm. (D) A sagittal section of stage11.5. (E)—(G) At neurula stages, signals are no longer evenly distributed and restricted to neural ectoderm only. (H), (I) and (M) At early tailbud stage, XMLP transcripts can only be detected in the neural folds and presumptive brain area. (J) and (K) The sagittal section of (I). (L) A transversal section of stage 21 embryo. (N), (O) and (Q) In later stages XMLP is expressed in ectoderm derivatives and pronephros during stage 27—34. (P) A transversal section of stage 34 embryo (ac, archenteron; bt, blastocoel; bv, brain ventricle; en, endoderm; hm, head mesenchyme; mc, mesencephalon; md, mesoderm; nc, notochord; ne, neural ectoderm; nt, neural tube; pn, pronephros; rc, rhombencephalon; sc, spinal chord).
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Figure 3.3-3 The temporal expression of XMLP in different embryonic stages analyzed by RT-PCR. XMLP expression can be detected in embryos at any stage (stage 1—40, Nieuwkoop and Faber, 1975), especially with a high level in the stage 8, when zygotic gene expression just starts. While there is a decrease from the uncleaved egg to the stage 23, after which it again rise slightly in the following stages.
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Figure 3.3-4. The expression of XMLP in different adult tissues revealed by RT-PCR. XMLP transcripts are detected in all tested tissues, however, with a lower level found in kidney and intestine (br, brain; ey, eye; he, heart; in, intestine; ki, kidney; li, liver; mu, muscle; ov, ovary; sk, skin; sp, spleen; st, stomach; te, testis).

3.3.3 Phenotypic effects of XMLP overexpression

XMLP mRNA was injected into one dorsal blastomere of the 4-cell stage embryos. Inspection of gastrula revealed such phenotypes: with the low injection dose, some bulged cells were found to distribute around the former injection site (Figure 3.3-5A). According to the histological analysis (Figure 3.3-5B), these cells contained large nuclei. Such embryos developed quite normally before neurulation, i.e. both dorsal blastopore and yolk plug can be formed correctly. When the injection dose was more than 0.4 ng, bulged cells and mottled surface were shown around the injection area. Some dead cells were found between the vitelline memberane and embryo. The embryos can resilient if this phenotype was not severe. As was true in other studies (Grammer et al., 2000), this is quite similar to the typical phenotype of apoptosis observed in overexpression experiments, i.e. the epithelia disruption and the extrusion of dead cells in the vitelline space in the neurula and tailbud stages. Inspection of tadpoles injected with XMLP mRNA revealed two main morphological defects (Table 3.1-1). One was the phenotype of a reduced lens size and abnormal lens shape (Figure 3.3-5C, D, E). Some larvae even showed cyclopia (Figure 3.3-5F). Transversal sections indicated the reduction of neural retina and a part of the diencephalon. In contrast to the normal embryos (Figure 3.3-5G), there was less mesenchyme around the notochord in the forebrain area (Figure 3.3-5H) and smaller or missing eyes (Figure 3.3-5H, I). The other was the phenotype of a bent body axis (Figure 3.3-5D). Both phenotypes were occurred simultaneously when injected with high doses of XMLP mRNA. When 0.2 ng of XMLP mRNA was injected, 44 % (56 out of 128) of the injected embryos showed lens defects, 1% (1 out of 128) exhibited bent axis, and 20% (25 out of 128) occurred two phenotypes simultaneously, while when the injection dose was doubled, 27% (59 out of 219) displayed lens defects, 1% (3 out of 219) showed bent axis defects and 33% (71 out of 219) showed lens defects and bent axis defect concurrently. After injection of 0.6 ng, 23% (28 out of 123) showed lens defects, 2% (2 out of 123) exhibited bent axis defects, 70% (86 out of 123) revealed both phenotypes concurrently. In the case of highest dose (0.8 ng), 14% (15 out of 106) showed lens defect, 17% (18 out of 123) exhibits the bent axis defects, 68% (72 out of 108) revealed both phenotypes simultaneous. While control embryos injected with the same quantity of LacZ RNA developed normally.

Table 3.3-1. Effects of overexpression of XMLP in Xenopus laevis at the tadpole stage. XMLP mRNA was injected in one dorsal blastomere of the four-cell stage embryos. The resulting phenotypes were checked at the tadpole stage. The figures in parenthesis show the percentage of available cases. 

	Injected XMLP mRNA (ng)
	Embryos available (n)
	Lens defects
	Bent axis defects
	Lens defects & bent axis defect

	0.2
	128
	56 (44)
	1 (1)
	25 (20)

	0.4
	219
	59 (27)
	3 (1)
	71 (33)

	0.6
	123
	28 (23)
	2 (2)
	86 (70)

	0.8
	106
	15 (14)
	18 (17)
	72 (68)


3.3.4 Ectopic expression of XMLP does not change the normal autonomous differentiation of isolated dorsal blastopore lip

It is well known that the isolated dorsal blastopore lip including parts of dorsal ectoderm from stage 10 embryos can autonomously differentiate into notochord, brain structures, and rudimentary eyes (Grunz, 1992, 1999b). This depends on multiple steps including cell interaction, induction and secondary cell interaction. The cooperation of genes expressed in the zone of the Spemann organizer including gsc, chd, Xnr3, and noggin drives ectoderm to differentiate into dorsal structures and the central nervous system (for review, see Grunz, 1997). To investigate if lens defects in the XMLP injected embryos are due to the specific inhibition after overexpression of XMLP, the following experiments were performed. Explants consisting of dorsal blastopore lip and adjacent dorsal ectoderm were isolated from the injected embryos at stage 10 and cultured in Holtfreter’s solution until control embryos reached stage 40. Similar to those from uninjected controls, transversal sections showed that these explants had also differentiated into notochord, brain, and eye structure (Figure 3.3-5 J, K), suggesting that XMLP does not trigger a specific inhibition of the eye anlage (Figure 3.3-5 K). Therefore the results support the view that the inhibition of eye structures in the injected embryos is the result of disturbed morphogenetic movements rather than a specific inhibition of eye formation.
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Figure 3.3-5. Phenotypic effects of overexpression of XMLP. Embryos were injected into one dorsal blastomere at 4-cell stage. (A) Ectopic XMLP results in protrusions of bulge cells distributing around the injection site. (B) The section of an XMLP-injected embryo at stage 10 shown in (A). Note that there are some giant nuclei around the injection area (asterisk) and an arrow indicts a normal nucleus. (C) LacZ as lineage marker for identifying injected sides of the larva where ectopic XMLP caused eye defects. The left column of panel (C) shows the injected sides of the larva and the right column shows the unjected sides of embryos of the same series (compare with larva shown from the dorsal side in (E)). (D) Larva (injected with XMLP) with bended axis and one eye. (E) Larva with missing right eye when injected with both XMLP and LacZ. (F) The injected larvae of stage 40 with one eye only. (G) and (H) The comparison of the histology of notochord in the head area between the normal larvae (G) and larvae with small eye (H). Note that less mesenchyme in (H) are found in the injected embryos compared to the normal ones. (I) Transversal section of the tadpole with one eye shown in (F). (J) and (K) The differentiation of dorsal blastopore lip with adjacent dorsal ectoderm isolated from normal (J) and injected embryos (K). Note that XMLP-treated embryos differentiated into notochord and brain structures with a rudimentary eye as the controls. No significant differences have been found in dorsal blastopore lips isolated from either injected or uninjected embryos (abbreviation: br, brain; gu, gut; le, lens; me, mesenchyme; nc, notochord; pe, pigmented epithelium; re, retina).

3.3.5 a morpholino oligo (Mo) against XMLP is effective when injected into cleaving embryos

The loss-of-function of XMLP was studied by injecting the morpholino oligo (MO) of XMLP. As a new type of antisense oligos, morpholino provides many advantages over phosphorothioates such as excellent sequence specificity, reliable activity in cell and complete resistance to nucleases. MO XMLP was injected into both dorsal blastomeres of 2-cell stage embryos or two dorsal blastomeres of 4-cell stage embryos. Most of the injected embryos showed eye defect, shorten anterior axis and a mild bent axis (Figure 3.3-6 A and Table3.3-2). Up to 24 ng, MO XMLP was introduced into embryos in order to achieve significant results. No significant toxic effects were observed after the injection of morpholino negative control. MO (-catenin was employed as a positive control, injected into two blastomeres of 2-cell stage embryos or two dorsal animal blastomeres of 8-cell stage embryos. Embryos injected in two dorsal animal blastomeres at 8-cell stage with 4 ng of (-catenin MO showed a reduction of the head area and anterior axis (Figure 3.3-6 E). While the injection into each blastomere of two-cell stage embryos with of 8 ng of MO (-catenin prevented any axis formation (data not shown).

Since MO XMLP antisense oligo binds the XMLP mRNA with high specificity, MO XMLP should strictly compensate the phenotype induced by XMLP mRNA. To test the specificity of the MO XMLP binding to XMLP mRNA, synthetic 0.8 ng of XMLP mRNA together with 16 ng of MO XMLP was co-injected into the two dorsal blastomeres of 4-cell stage embryos. The mRNA did not contain the portion of the 5’ UTR of XMLP so that MO XMLP could not bind the foreign XMLP mRNA. Inspecting the injected embryos at neurula stage, I found that MO XMLP could significantly rescue the phenotype of apoptosis induced by XMLP (Figure 3.3-6 B, C). No embryos out of 48 injected embryos showed apoptosis. 15 normal embryos and 15 embryos with eye defect as well as mild bent axis defect out of 30 survived tadpoles were found in hatched tadpole stages (Figure 3.3-6 D and Table3.3-2). The phenotype induced by MO XMLP was not found any more.
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Figure 3.3-6. Effects of injection of Morpholino (MO) XMLP and MO (-catenin. (A) Embryos with shorter anterior axis and eye defects resulted from the injection into both dorsal blastomeres at 2-cell stage with 24 ng of MO XMLP. (B) The phenotype of apoptosis induced by overexpression of XMLP (C) The phenotype of apoptosis rescued by MO XMLP (16 ng of MO XMLP and 0.8 ng of XMLP mRNA co-injected into both dorsal blastomeres at 4-cell stage. (D) Tadpole co-injected with MO XMLP and XMLP mRNA showing relatively normal morphological phenotype or mild bent axis (the upper one). (E) Larvae with reduced anterior axis after microinjecting into two dorsal animal blastomeres at 8-cell stage with 4 ng of MO (-catenin.
Table 3.3-2. Effects of microinjection of Morpholino (MO) XMLP. The results were scored when the embryos developed till around stage 40. 2/2: two blastomeres of 2-cell stage embryos were injected; 2/4d: two dorsal blastomeres of 4-cell stage embryos were injected. The percentage of the available cases is shown in parenthesis.

	MO or mRNA injected
	Injection location
	Phenotypes of the embryos

	
	
	Normal
	Mild bent axis only
	Shorten trunk, mild bent axis, eye defects, reduced head area

	MO XMLP 16 ng
	2/2
	63 (46)
	13 (9)
	61(45)

	MO XMLP 24 ng
	2/2
	0 (0)
	7 (23)
	23 (77)

	MO XMLP 8 ng
	2/4d
	46 (66)
	7 (10)
	17 (24)

	MO XMLP 16 ng
	2/4 d
	48 (62)
	7 (9)
	22 (29)

	MO XMLP 24 ng
	2/4d
	4 (8)
	0 (0)
	47 (92)

	XMLP 0.8 ng + MO XMLP 16 ng
	2/4d
	15 (50)
	15a (50)
	_


aThe 15 injected tadpoles with XMLP 0.8 ng together with MO XMLP 16 ng showed lens defect and  mild bent axis defect simultaneously.

3.3.6 The glycine residue at position 2 and the PSD (ED) domain are correlated with apoptosis function in overexpression experiments

To gain insight into the role of functional domains of XMLP, four mutants were constructed (Figure 3.3-7, see 2.9.3) in which (1) glycine 2 was replaced with alanine (G2A) in order to introduce adverse effect to the myristoylation consensus; (2) serine 83 was changed into alanine (S83A) to prevent phosphorylation of serines in putative ED (PSD) since phosphorylation plays a functional role in in vitro experiments of other members of MARCKS family; (3) the splicing domain from position 22 to 27 was deleted to yield XMLP SD deletion mutant (SD); and (4) the region between lysine 79 and serine 83 was deleted to yield XMLP ED deletion mutant containing truncated ED domain (PSD). The mRNAs of XLMP wild type and these mutants were microinjected into two dorsal blastomeres of 4-cell stage embryos with different doses. Because apoptosis significantly starts at neurula stages in the overexpression experiments, these embryos were subject to the inspection at late neurula stages (Figure 3.3-8 A to F and Table 3.3-3). For XMLP wild tpye, the phenotype of apoptosis as described above was significant when 0.4 ng of mRNA per embroys was injected into embryos (75 out of 85 injected embryos, Figure 3.3-8 A). The mutants S83A, G2A, and ED did not significantly cause apoptosis when injected the same dose (10 out of 85 for S83A, 8 out of 116 for G2A, and 0 out of 60 for ED), while all embryos (91 out of 91) injected with 0.4 ng of mutant SD mRNA showed apoptosis. It is therefore suggested that the mutants S83A, G2A and ED can reduce apoptosis in overexpression experiments. When injected with the doubled dose (0.8 ng), 40 out of 55 embryos injected with mutant S83A showed the phenotype of apoptosis, in contrast, only 5 out of 44 embryos injected with mutant G2A and 0 out of 59 embryos injected with ED mutant showed this phenotype. Moreover, only 7 out of 69 embroys injected with the 1.6 ng of ED mutant displayed apoptosis. The phenotypes of tadpole embryos are shown in Figure 3.3-8H to M and Table 3.3-3. The common features were eye defects, bent axis and in a few cases the severe reduction of the anterior axis. There was no significant difference between the mutants and XMLP wild type with exception of apoptosis. However, when 1.6 ng of ED mutant RNA was injected, the ectoderm in the hind brain area of tailbud stage remained open, presumably due to an incomplete closure of neural folds (Figure 3.3-8L). This phenotype is quite similar to F52 knockout mice that showed exencephaly and postnatal anencephaly.
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Figure 3.3-7. Schematic diagrams of XMLP wile tpye and mutants. Functional PSD (ED) is indicated as a dark-slashed box, the site of intron splicing as a vertical dashed box, the glycine at position 2 as black box and the substituted alanine by box with grid (A in both G2A and S83A mutants). The white-slashed box in XMLP S83A mutant represents the mutant ED domain with serine replaced by alanine (A).

3.3.7 Ectopic XMLP expression blocks normal rhombomere formation

It has been shown that XMLP transcripts were restricted to the presumptive neural system during neurulation (3.3.1 and Figure 3.3-2), for which the effect of ectopic XMLP expression on Krox20, a neural marker, whose expression is used to identify rhombomere 3 and 5 in the development of hindbrain (Figure 3.3-9A) was investigated. Overexpression of XMLP was carried out by injecting into one dorsal blastomere of 4-cell stage embryos with XMLP mRNA synthesized in vitro and LacZ as a lineage tracer. Ectopic expression of the XMLP resulted in a decreased Krox20 signal in the rhombomere 3 and 5 areas. The stripes appeared irregular and the first one even disappeared on the injected side (28 out of 48 injected embryos, Figure 3.3-9B).
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Figure 3.3-8. Comparison of phenotypes induced by the overexpression of wild-type and mutants XMLP. Embryos were injected into two dorsal blastomeres at 4-cell stage with mRNA of XLMP wild type and mutants, respectively. At neurula stage, the phenotype induced by 0.4 ng of wild-type XMLP, G2A, SD, S83A or ED are shown in (A), (B), (C), (E) and (F), respectively. Note the apoptosis were induced by 0.4 ng of XMLP wild type (A) and SD (C), but not by G2A (B), S83A (E) and ED (F). However embryos (D) showed apoptosis when 0.8 ng of S83A was injected. Apoptosis areas are shown by the arrows in (A), (C), and (D). Larva injected with 0.4 ng of XMLP wild type is shown (G). (H), (J), (K), and (M) indicate the phenotypes induced by G2A, S83A, ED, and SD, respectively, such as eye defects and a reduced anterior region. (M) The extreme case of injected embryos with SD mutant. (L) The phenotype induced by the injection of 1.6 ng of ED, which is quite similar to the phenotype of exencephaly in which the neural tube was not closed completely, and the epidermis did not cover the internal yolk-rich tissue either.

Table 3.3-3. Effects of XMLP wild type and mutants, and the combination with MO XMLP. The injected embryos were scored at early tadpole stage, while the results of overexpression of 1.6 ng of ED mutant were collected at middle tailbud stage. XMLP wild type and mutant mRNAs and MO XMLP were injected into two dorsal blastomeres of 4-cell stage embryos. n indicates the number of injected embryos available. The percentage of the available cases is shown in parenthesis. Embryos with apoptosis were inspected at late neurula.

	RNA injected per embryos
	Normal

(n)
	Lens defect

(n)
	Bent body axis

(n)
	Phenotype showing lens defect, reduced anterior axis and bent axis defect simultaneously (n)
	Apoptosis

	XMLP 0.4 ng
	0 (0)
	0 (0)
	0 (0)
	41 (100)
	75 (88)

	XMLP + MO XMLP
0.8 ng+16 ng
	15 (50)
	0 (0)
	0 (0)
	15 (50)
	0 (0)

	ED 0.4 ng
	29 (48)
	21 (35)
	10 (17)
	0 (0)
	0 (0)

	ED 0.8 ng
	5 (7)
	39 (53)
	12 (16)
	18 (24)
	0 (0)

	ED 1.6 ng
	23 (42)
	0 (0)
	3 (5)
	29a (53)
	7 (10)

	G2A 0.4 ng
	12 (23)
	0 (0)
	0 (0)
	40 (77)
	8 (7)

	G2A 0.8 ng
	0 (0)
	0 (0)
	0 (0)
	26 (100)
	5 (11)

	S83A 0.4 ng
	16 (40)
	8 (20)
	16 (40)
	0 (0)
	10 (12)

	S83A 0.8 ng
	4 (12)
	0 (0)
	0 (0)
	29 (88)
	40 (73)

	S83A 1.6 ng
	0 (0)
	0 (0)
	1 (3)
	31 (97)
	48(98)

	SD 0.2 ng
	0 (0)
	15 (45)
	0 (0)
	18 (55)
	18 (49)

	SD 0.4 ng
	0 (0)
	18 (30)
	0 (0)
	43 (70)
	91(100)


a The phenotype is quite similar to exencephaly. The result was scored at middle tailbud stage when the eye rudiment has not yet clearly formed, so the embryos not showing exencephaly were scored as normal.
3.3.8 Retinoic acid hydroxylase (XCYP26) changes the expression pattern of XMLP

Retinoic acid (RA) is known to participate in the development of the nervous system and the formation of the limb buds (for review, see Maden et al., 1998; Zile, 1998). To determine whether the RA metabolites affect the expression pattern of XMLP (Figure 3.3-9C), whole-mount in situ hybridization were performed on stage 20 embryos co-injected into one blastomere at 2-cell stage with 2 ng of XCYP26 (Hollemann et al., 1998b) and 100 pg LacZ mRNA, which revealed that the signal stripes on the injected side were weaker or even disappeared (57%, 31of 54 cases) in contrast to the uninjected side (Figure 3.3-9D).
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Figure 3.3-9. Effect of ectopic expression of XMLP on Krox20 and the expression alternation of XMLP induced by XCYP26. 0.8 ng of XMLP mRNA was injected into one dorsal blastomere of 4-cell stage embryos. LacZ mRNA was co-injected as a lineage tracer indicated in light blue. Signals were detected by whole-mount in situ hybridization performed on XMLP-injected embryos at stage 20 with Krox 20 antisense RNA. (A) The expression of Krox 20 in the control embryos. (B) The expression of Krox20 disturbed on the injected side. 2 ng of XCYP26 mRNA was injected into one blastomere of 2-cell stage embryos, which was visualized by LacZ staining. Signals were detected by whole-mount in situ hybridization performed on XCYP26-injected embryos at stage 20 with XMLP antisense RNA. (C) The expression of XMLP in the normal embryos. (D) The altered expression of XMLP indicated by LacZ staining (signal stripes vanished or got smeared) at injected side caused by overexpression of XCYP26.

3.4 Isolation of XAT and the expression pattern

The clone encoding the Xenopus homologue of arginine:glycine amidinotransferase (XAT) consists of an open reading frame encoding a protein of 422 amino acids with a predicted molecular weight of 48572.88 Da (GenBank accession number: AF187863). XAT shares 83% identity of amino acids with its homologue in chicken, 85% identity to rat AT, and 84% identity to human AT (Figure 3.4-1). 

The spatial expression pattern of XAT was analyzed by whole-mount in situ hybridization (Oschwald et al., 1991; Harland, 1991), which indicated that the signals were barely detected before the gastrula stages, and successively were around the yolk plug. The stronger signals were found on the dorsal blastpore zone, but no transcripts were detected in the animal halve (Figure 3.4-2C, D). At the stage 15, the signals were restricted to the midline of the neural plate (Figure 3.4-2E, F) and the corresponding transversal sections showed that the transcripts were located in the notochord (Figure 3.4-2G). The signal increased at the ventral-posterior part of the trunk at the early of tailbud stage together with strong expression in the notochord (Figure 3.4-2H). At the later tailbud stages and early larvae signals could be seen in the trunk, especially at the presumptive gut and notochord area (Figure 3.4-2I, J, K). The temporal profile of XAT expression analyzed by RT-PCR showed that the expression of this gene started after the stage 8, and was slightly increased during the gastrula and neurula stages, then maintained stable in the tailbud and later stages (Figure 3.4-3).
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Figure 3.4-1. Alignment of the deduced protein sequence of AT in Xenopus, chicken, rat and human. Numerical figures indicate amino acid positions starting with the initiation of methionine. Hyphen represents gaps introduced into the sequences in order to obtain optimal alignment. The black boxes indicate the conserved amino acids, and the gray box, the similar amino acids. The accession number for the Xenopus laevis AT (XAT) cDNA sequence is AF187863.
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Figure 3.4-2. The expression of XAT revealed by whole-mount in situ hybridization. XAT transcripts are barely found from the 2-cell stage to the stage 8 (A, B). In the middle gastrulae stages, signals are detected around the yolk plug (C, D). In the neurula stage XAT is expressed in the midline of the medullary plate (E, F). Transversal sections show that the signals are located in the notochord (G). In the tailbud and tadpole stages transcripts are mainly found in the notochord and the trunk area (H to K) (Abbreviations: at, archenteron; ed, endoderm; nt, notochord; sm, somite).
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Figure 3.4-3. The temporal expression of XAT in different embryonic stages analyzed by RT-PCR. The stage definition is according to Nieuwkoop and Faber (1975), ODC is indicated as internal standard control.
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Figure 3.4-4. The expression of XAT shown in explants dissected at the stage 28. Signals in the head area (I) are much lower than that in dorsal zone of trunk (II) and the remaining ventral parts including the presumptive gut area (III).
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Figure 3.4-5. The expression of XAT in different adult tissues analyzed by RT-PCR. XAT transcripts are detected in all tested tissues, however, with large abundance in eye, muscle, stomach and testis. H4 is indicated as internal standard control (Abbreviations: br, brain; ey, eye; he, heart; in, intestine; ki, kidney; li, liver; mu, muscle; ov, ovary; sk, skin; sp, spleen; st, stomach; te, testis).

By whole-mount in situ hybridization few transcripts of XAT could be found in the head in contrast to abundant signals in the trunk area. To determine the expression level in different parts of embryo by RT-PCR, the stage 28 embryos were dissected into three parts: head (containing cement gland), dorsal zone of trunk (containing notochord and somites) and the remaining ventral part including the presumptive gut area as shown in Figure 3.4-4A. The results shown in Figure 3.4-4B revealed that the expression of XAT in the head area was much lower than in the other two zones, which was consistent with the data of whole-mount in situ hybridization. RT-PCR analyses of adult tissues showed a higher expression level in eye, muscle, stomach and testis (Figure 3.4-5).

