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3. Results

3.1 Identification of XODC2, XCL-2 and XETOR
Using large-scale whole mount in situ hybridization, expression patterns were generated for altogether 384 clones, among which the patterns of 29 clones were specific. For the others, 332 were expressed ubiquitously on the embryos, and 23 had no discernible staining on any stage of embryos. On the basis of staining patterns, 383 clones were ectoderm- or mesoderm-related; only 1 was with certainty derived from endoderm (20D8, endodermin).

Through comparison with GenBank DNA sequence databases, it was demonstrated that among the 29 clones, 11 are homologous to already known X. laevis genes with high similarities (>90%), nine are similar in the most parts of their sequences to known genes in other species as human and mouse, suggesting that these clones may be X. laevis homologues. While for the remaining nine clones, the search results revealed little information, suggesting that they may be completely novel genes (Table 3.1).
Table 3.1 Brief summary of BLAST comparison results

	No. of

clone
	Best hit and its functional classification 

(?: function unknown)
	E-value1) of best hit
	Accession no.

	18B2
	C. elegans cosmid C14F11. ?
	0.51
	AI880918

	18D7
	Human malate dehydrogenase precursor mRNA. Metabolism
	1e-47
	AI880919

	18D11
	Human Cosmid Clone p129d11. ?
	0.13
	AI880920

	18E3
	X. laevis Xlim-1 mRNA. Homeobox transcription factor
	0.0
	

	18E9
	Mouse mRNA for p38-2G4. Cell cycle
	4-e11
	AI880921

	18F3
	X. laevis mRNA for calreticulin (clone 3). Metabolism
	0.0
	

	18F6
	X. laevis 71.0 kDa protein (retrotransposon 1a11 related) mRNA. DNA  transposable element
	0.0
	

	18G1
	Human pre-B-cell colony-enhancing factor mRNA. Signal transduction
	7e-25
	AI880922

	18G6
	X. laevis cytokeratin type II mRNA. Structure
	0.0
	

	18G11
	Human Calpain, large polypeptide L2 mRNA; human Ca2-activated neural protease large subunit mRNA.
	1e-04
	AI880923

	18H1
	X.  laevis mRNA for Xsox17-beta protein
	7e-61
	

	18H2
	Human core-binding factor, runt domain, alpha subunit 2. Putative transcription factor
	1e-11
	AI880924

	18H7
	X. laevis Xotx2 mRNA. Homeobox transcription factor
	e-152
	

	20A7
	Human desmoplakin (DPI, DPII) mRNA. Cell adhesion
	7e-28
	AI880934

	20A9
	X. laevis mRNA for alpha-tubulin. Structure
	0.0
	

	20D8
	X. laevis endodermin gene. ?
	0.0
	

	20E7
	Chicken retinaldehyde dehydrogenase 2 mRNA. ?
	e-102
	AI880925

	20F1
	X. laevis cytokeratin type II mRNA. Structure
	0.0
	

	20G12
	X. laevis mRNA for elongation factor 1-alpha. Metabolism
	0.0
	

	2B10
	Rat intestinal epithelium proliferating cell-associated mRNA sequence. Cell proliferation
	6e-16
	AI880926

	2C3
	Human genomic DNA sequence. ?
	0.51
	AI880927

	2C4
	A. thaliana chromosome II BAC F27I1 genome sequence. ?
	0.13
	AI880928

	2G8
	Human actin-related protein 3 homologue  (yeast) mRNA. Structure
	3e-21
	AI880929

	7C7
	Human insulin receptor gene, last exon. ?
	0.51
	AI880930

	7E4
	Human genomic sequence. ?
	0.13
	AI880931

	7F1
	X. laevis mitochondrial DNA. Metabolism
	0.0
	

	7F4
	Mouse mRNA for serine/threonine protein kinase. Metabolism
	8e-40
	AI880932

	7F12
	X. laevis alpha-tubulin gene. Structure
	0.0
	

	7G3
	Rat L-arginine:glycine amidinotransferase mRNA. Metabolism
	4e-23
	AI880933


1) The E-value is a parameter that describes the number of hits one can “expect” to see just by chance when searching a Genbank database. It is used as a convenient way to create a significance threshold for reporting results, as well as to report the significance of sequence matches. 
Based on localized staining patterns, three clones, 18D11, 18G11 and 18H2, were selected for further investigation.

3.1.1 cDNA and amino acid sequences of XODC2
A cDNA sequence of 1842 bp was obtained from clone 18D11. The 1368 bp of open reading frame (ORF) could be conceptually translated into a protein of 456 amino acids (Fig.3.1A). Comparisons using BLAST search program showed that this protein shares 66% identity in amino acid sequence with the ubiquitous ornithine decarboxylase (ODC) in human, 65% in Xenopus laevis and rat, and 63% in chicken (Fig.3.1B). In addition, the active sites in ubiquitous ODCs are also conserved in the protein (Almrud et al., 2000; Fig.3.1B). Therefore it most
(A)

                                                        gttagtctgagtacca   16

gggacggagacacttccacatttctattaatgggcaacggccgtgtcaatgcatgttaagaaagcgataaac   88

gccagaagcggcgacttcactcacagcccggggtgttgcaaaatctccgagttcactgcggagcctccctgg  160

ttgctctgataaaagcttgttgcgtacttaaaaacaatcttggtagaagtgcttaaaatcccagatttcaaa  232

atgcaagggtatatccaggagtcagattttaacttggttgaagaaggctttttggccagagacttgatggag  304

M  Q  G  Y  I  Q  E  S  D  F  N  L  V  E  E  G  F  L  A  R  D  L  M  E     24 

gaaatcattaatgaagtctcacagactgaggatcgtgatgccttttttgtggctgatctaggggatgtggta  376

E  I  I  N  E  V  S  Q  T  E  D  R  D  A  F  F  V  A  D  L  G  D  V  V     48 

aggaaacatctccgttttctgaaagccttgcctcgtgtgaagcctttctatgcagtgaagtgtaacagcagc  448

R  K  H  L  R  F  L  K  A  L  P  R  V  K  P  F  Y  A  V  K  C  N  S  S     72

aaaggagtggtgaagatcttggctgagctgggagctggatttgactgcgccagcaagacagagattgagcta  520

K  G  V  V  K  I  L  A  E  L  G  A  G  F  D  C  A  S  K  T  E  I  E  L     96    

gtccaggacgttggtgtggcaccagaacgtatcatctatgccaacccatgcaagcagatttcccagattaag  592

V  Q  D  V  G  V  A  P  E  R  I  I  Y  A  N  P  C  K  Q  I  S  Q  I  K    120

tatgcagctaagaatggtgtccaaatgatgacgtttgacaatgaagtagagctttccaaggtgtcaagaagc  664

Y  A  A  K  N  G  V  Q  M  M  T  F  D  N  E  V  E  L  S  K  V  S  R  S    144 

catcccaatgcaagaatggttctgcgtatagcaacggatgactctaaatcctctgctcgtttaagtgtgaaa  736

H  P  N  A  R  M  V  L  R  I  A  T  D  D  S  K  S  S  A  R  L  S  V  K    168     

tttggcgcccccttaaaatcctgcagacgcttattggaaatggctaaaaacctcagtgtggatgtcattggt  808

F  G  A  P  L  K  S  C  R  R  L  L  E  M  A  K  N  L  S  V  D  V  I  G    192

gttagtttccacgttggtagtggatgcactgattccaaggcctatactcaggctatttctgatgcacgcttg  880

V  S  F  H  V  G  S  G  C  T  D  S  K  A  Y  T  Q  A  I  S  D  A  R  L    216

gtttttgaaatggcatctgagtttgggtacaaaatgtggctgctggatattggtggtggcttccctggaaca  952

V  F  E  M  A  S  E  F  G  Y  K  M  W  L  L  D  I  G  G  G  F  P  G  T    240

gaggattccaaaattagatttgaggagattgcaggtgtaataaatccagcactggacatgtatttccctgag 1024

E  D  S  K  I  R  F  E  E  I  A  G  V  I  N  P  A  L  D  M  Y  F  P  E    264

agctctgacgtgcaaattatcgctgaaccaggaagatattacgtagcatctgctttttcattggctgttaac 1096

S  S  D  V  Q  I  I  A  E  P  G  R  Y  Y  V  A  S  A  F  S  L  A  V  N    288

gttattgctaagaaagaagtggaacactctgtatctgatgatgaggaaaatgagtccagcaaaagcatcatg 1168

V  I  A  K  K  E  V  E  H  S  V  S  D  D  E  E  N  E  S  S  K  S  I  M    312 

tattatgttaatgatggagtgtatggatcctttaattgcttggtctttgatcatgctcatccaaaaccaatc 1240

Y  Y  V  N  D  G  V  Y  G  S  F  N  C  L  V  F  D  H  A  H  P  K  P  I    336 

ctccacaagaaaccttctccagatcagccattatacaccagtagcctttggggacccacgtgcgatggctta 1312

L  H  K  K  P  S  P  D  Q  P  L  Y  T  S  S  L  W  G  P  T  C  D  G  L    360

gatcagattgcagagcgcgttcagctgcctgagcttcatgttggcgactggcttttgtttgagaatatgggt 1384

D  Q  I  A  E  R  V  Q  L  P  E  L  H  V  G  D  W  L  L  F  E  N  M  G    384

gcatacaccatagcagcatcttccaatttcaatggtttccagcagtctccagtacattacgccatgccccgt 1456

A  Y  T  I  A  A  S  S  N  F  N  G  F  Q  Q  S  P  V  H  Y  A  M  P  R    408

gctgcttggaaagctgttcagttgctgcagagaggattacagcaaaccgaggagaaagaaaatgtgtgcacc 1528

A  A  W  K  A  V  Q  L  L  Q  R  G  L  Q  Q  T  E  E  K  E  N  V  C  T    432

cctatgtcttgtggctgggagatttctgattccttgtgcttcactcgtacctttgcagccaccagcatcatt 1600

P  M  S  C  G  W  E  I  S  D  S  L  C  F  T  R  T  F  A  A  T  S  I  I    456

tgaattcctgcatcatgggagtgacatgcaaatgcttgtcttagcgtagcttgtctcttgtttttaagtatg 1672

stop 

caacataaagcatttgtaccttcctggatttgtctctgtatcatctgggagcaatttatgcataagaaacgg 1744

atatttttatcattaattgcatgcagccaccgacatcaattgattttcattaaattttttttcatttgaaaa 1816

aaaaaaaaaaaaaaaaaaaaaaaaaa                                               1842
(B)

XODC2    MQGYIQES.DFNLVEEGFLARDLMEEIINEVSQTEDRDAFFVADLGDVVRKHLRFLKALP 59

XODC1    -NSFSNDDF-FSFLE---S-R-IVEQK-----LSD-K---Y---F--IVK--V-WF---- 60

hODC     -NNFGNEEF-CHFLD---T-K-ILDQK-----SSD-K---Y---L--ILK--L-WL---- 60

rODC     -GSFTKEEF-CHILD---T-K-ILDQK-----SSD-K---Y---L--VLK--L-WL---- 60

cODC     ..........FTFLD---T-K-ILDQK-----SSD-K---Y---L--IVK--M-WH---- 50

XODC2    RVKPFYAVKCNSSKGVVKILAELGAGFDCASKTEIELVQDVGVAPERIIYANPCKQISQI 119

XODC1    --T--------DGKAI-KT-SIL-A----------Q---SI--S------------V--- 120

hODC     --T--------DSKAI-KT-AAT-T----------Q---SL--P------------V--- 120

rODC     --T--------DSRAI-ST-AAI-T----------Q---GL--P------------V--- 120

cODC     --T--------DSEAV-KT-AVL-A----------Q---SI--P------------L--- 110

                 *                  *

XODC2    KYAAKNGVQMMTFDNEVELSKVSRSHPNARMVLRIATDDSKSSARLSVKFGAPLKSCRRL 179

XODC1    -Y--SC--EK----S-V--M-VA-N--N-KLV---A-----AVC--------T-KTS-L- 180

hODC     -Y--NN--QM----S-V--M-VA-A--K-KLV---A-----AVC--------T-RTS-L- 180

rODC     -Y--SN--QM----S-I--M-VA-A--K-KLV---A-----AVC--------T-KTS-L- 180

cODC     -H--NS--RM----S-V--M-IA-P--K-KLL---T-----AVC--------T-KTS-L- 170

                                          *              *

XODC2    LEMAKNLSVDVIGVSFHVGSGCTDSKAYTQAISDARLVFEMASEFGYKMWLLDIGGGFPG 239

XODC1    --R--E-NVDII------------PQTYV--V----C--D-GA-L-FN-H---------- 240

hODC     --R--E-NIDVV------------PETFV--I----C--D-GA-V-FS-Y---------- 240

rODC     --R--E-NIDVI------------PETFV--V----C--D-GT-V-FS-Y---------- 240

cODC     --R--E-DLAIV------------PETFV--I----C--D-GA-L-FN-Y---------- 230

                         *                                     ***

XODC2    TEDSKIRFEEIAGVINPALDMYFPESSDVQIIAEPGRYYVASAFSLAVNVIAKKEV..EH 297

XODC1    S--V-LK----TS-------K---AD-G-K------------SFT----I----VMVN-Q 300

hODC     S--V-LK----TG-------K---SD-G-R------------AFT----I----IVLK-Q 300

rODC     S--T-LK----TS-------K---SD-G-R------------AFT----I----TVWK-Q 300

cODC     S--V-LK----TS-------K---LD-E-T------------AFT----I----IVSK-Q 290

                                             *

XODC2    SVSDDE.ENESSKSIMYYVNDGVYGSFNCLVFDHAHPKPILHKKPSPDQPLYTSSLWGPT 356

XODC1    SG----EDAANDKTL--------------ILF----V-PV-T-K-K--EKF-SS-I---- 360

hODC     TG----.DESSEQTF--------------ILY----V-PL-Q-R-K--EKY-SS-I---- 359

rODC     TG----.DESNEQTL--------------ILY----V-AL-Q-R-K--EKY-SS-I---- 359

cODC     TG----.DDVNDKTL--------------ILY----V-PV-Q-R-K--DGC-SC-I---- 349

                                *        *

XODC2    CDGLDQIAERVQLPELHVGDWLLFENMGAYTIAASSNFNGFQQSPVHYAMPRAAWKAVQL 416

XODC1    -----R-V--FEL--LQ----M---------V--A-T-----RPTLY-V-SRPH-QLMHD 420

hODC     -----R-V--CDL--MH----M---------V--A-T-----RPTIY-V-SGPA-ELMQQ 419

rODC     -----R-V--CSL--MH----M---------V--A-T-----RPNIY-V-SRSM-QLMKQ 419

cODC     -----R-V--CNM--LQ----I---------V--A-T-----RPTIH-V-SRPA-QLMQQ 409

         **                           *        *

XODC2    LQRG..LQQTEEKENVCTPMSCGWEISDSLCFTRTFAATSII 456

XODC1    IKEHGILPEVP..DLSALHV--AQ-SGMELAPAVCTA-SINV 460

hODC     FQNPDFPPEVEEQDASTLPV--AW-SGMKRHRAACAS-SINV 461

rODC     IQSHGFPPEVEEQDVGTLPM--AQ-SGMDRHPAACAS-SINV 461

cODC     IKEQEFLAEVEEQDVASLPL--AC-SGIE-YPATCAS-SINV 450

Fig.3.1 XODC2 is a paralogue to ubiquitous ODCs. (A) Conceptual translation of XODC2. The putative translation start codon is preceded by a stop codon 21 triplets upstream (underlined). (B) Multi-alignment of amino acid sequences of Xenopus ODC2 (XODC2) and the ubiquitous ODCs from Xenopus laevis (XODC1), human (hODC), rat (rODC) and chicken (cODC). Amino acids marked underneath with asterisks are active sites in ODCs. Dashes represent identical residues. Dots are introduced for optimal alignment. The same as in following alignments.

likely represents a paralogue of Xenopus ubiquitous ODC (Bassez et al., 1990; hereafter designated as XODC1). Here the cDNA was designated as XODC2 (Genbank accession number: AF217544).
3.1.2 cDNA and amino acid sequences of XCL-2
A cDNA sequence of 2033 bp was obtained from clone 18G11. However, it was found that the coding region of this cDNA was not complete at its 5’-end. Therefore, 5’RACE (Rapid Amplification of cDNA ends; Frohman et al., 1988) was employed to extend the coding sequence to the 5’-end. Finally, a cDNA sequence of 2639 bp with a complete ORF for a Calpain protein large subunit was  obtained  (Fig.3.2A). The protein  was found  to  be  mostly  related  to rat
(A)
                                aatctgactctgcaaagtctgggacaccaaaaggcccatc    40

atgtcgagaagtgctgctgtgatagccaaggacaggacattggctgatggtggtggaacgaagaggaaccca   112

M  S  R  S  A  A  V  I  A  K  D  R  T  L  A  D  G  G  G  T  K  R  N  P      24

gaaaaatatttggatcaagaatttgagaagctgagggcacaatgcttggcatctggtgctctgtataaagat   184

E  K  Y  L  D  Q  E  F  E  K  L  R  A  Q  C  L  A  S  G  A  L  Y  K  D      48

gaagaattcccagcatgcccatctgcactgggttacaatgaactaagacccggctcatacaaaaccagtggg   256

E  E  F  P  A  C  P  S  A  L  G  Y  N  E  L  R  P  G  S  Y  K  T  S  G      72

gtcatatggaagagacctacggaaatttgtcccaacccccagttcattgtggatggagcaacacgaggagac   328

V* I  W  K  R  P  T  E  I  C  P  N  P  Q  F  I  V  D  G  A  T  R  G  D      96

atccgtcaaggggccctcggggattgctggcttctggctgccatcgcatctcttacactggagccagatctt   400

I  R  Q  G  A  L  G  D  C  W  L  L  A  A  I  A  S  L  T  L  E  P  D  L     120

gtagctcaagtggttcctgagaatcaaagtttccagaaaaactacgctggaatcttccacttccggttctgg   472

V  A  Q  V  V  P  E  N  Q  S  F  Q  K  N  Y  A  G  I  F  H  F  R  F  W     144

cagtatggagagtgggtggatgtggtggtggatgaccggctgccgacaaagaatgggaaactggtatttgtc   544

Q  Y  G  E  W  V  D  V  V  V  D  D  R  L  P  T  K  N  G  K  L  V  F  V     168

cactcagcagaaggggatgagttctggagtgctctgcttgaaaaggcctacgcaaagttgaacggctcctac   616

H  S  A  E  G  D  E  F  W  S  A  L  L  E  K  A  Y  A  K  L  N  G  S  Y     192

gaggctctgactggcggttctaccatagagggatttgaagactttaccggaggtatcgctgaggtgtatgaa   688

E  A  L  T  G  G  S  T  I  E  G  F  E  D  F  T  G  G  I  A  E  V  Y  E     216

ctgaagaaggctccacctaatttattccagatcatccagaaagcccttaaggctgaatcactgcttggctgc   760

L  K  K  A  P  P  N  L  F  Q  I  I  Q  K  A  L  K  A  E  S  L  L  G  C     240

tctattgatattacaaacgcctatgatactgaagccatcacaagcagaaagctggttaaagggcacgcctat   832

S  I  D  I  T  N  A  Y  D  T  E  A  I  T  S  R  K  L  V  K  G  H  A  Y     264

tctgtcactggtgctgaggaggtgttgtacagaggtcgccaggagaagttgatccgagtgagaaatccctgg   904

S  V  T  G  A  E  E  V  L  Y  R  G  R  Q  E  K  L  I  R  V  R  N  P  W     288

ggtgaggtagaatggactggaccttggagtgatgaggctccagaatggaattatgttgatccaaaagtaaaa   976

G  E  V  E  W  T  G  P  W  S  D  E  A  P  E  W  N  Y  V  D  P  K  V  K     312

gctgttctggataaaaaatctgaggatggagaattttggatggcgttttcagactttctcagagagtattcc  1048

A  V  L  D  K  K  S  E  D  G  E  F  W  M  A  F  S  D  F  L* R  E  Y  S     336

cgtctggagatctgtaacctgtctcctgacaccctcaccagcaaccaccaacataaatggaacataacattg  1120

R  L  E  I  C  N  L  S  P  D  T  L  T  S  N  H  Q  H  K  W  N  I  T  L     360

tacaccgggagctgggcacgggggtctactgccggaggctgccaaaattacccagcaacattttggaccaac  1192

Y  T  G  S  W  A  R  G  S  T  A  G  G  C  Q  N  Y  P  A  T  F  W  T  N     384

ccgcaatttcgcattaaactggatgagcccgatgatgatcatcaggggacgaacaatgagccgtgctgtacc  1264

P  Q  F  R  I  K  L  D  E  P  D  D  D  H  Q  G  T  N  N  E  P  C  C  T     408

gtcattgtgggactgatgcagaaaaaccgcagaagaaagaagaagatgggggaggacttgctcagcattggc  1336

V  I  V  G  L  M  Q  K  N  R  R  R  K  K  K  M  G  E  D  L  L  S  I  G     432

tactcactctttaagatccctgatcagcttcaggaccatacagatgcccacctcggcagggacttcttgcaa  1408

Y  S  L  F  K  I  P  D  Q  L  Q  D  H  T  D  A  H  L  G  R  D  F  L  Q     456

aagactccaacggccgcccgatctgacacctatatcaacgtacgggaggtgtccaaccgcttccacctaccg  1480

K  T  P  T  A  A  R  S  D  T  Y  I  N  V  R  E  V  S  N  R  F  H  L  P     480

gtcggggattatctgattgtgccatccacctttgagccctttaaaaatggcgacttctgccttcgtgtcttc  1552

V  G  D  Y  L  I  V  P  S  T  F  E  P  F  K  N  G  D  F  C  L  R  V  F     504

tcagaaaaggaggccaaatcgctagaagttggtgatgtagtgattgcgaaaccatatgaacctcagatttct  1624

S  E  K  E  A  K  S  L  E  V  G  D  V  V  I  A  K  P  Y  E  P Q  I  S      528

aacaaggatgtccctgatgatttcaagaatatttttgacaagctggcgggagataaagaagaagttgatgca  1696

N  K  D  V* P  D  D  F  K  N  I  F  D  K  L  A  G  D  K  E  E  V  D  A     552

agagaacttcaaaccattctaaataaactcatttcaaagaggccggacttgagatccaatggatttactctt  1768

R  E  L  Q  T  I  L  N  K  L  I  S  K  R  P  D  L  R  S  N  G  F  T  L     576

aacacatgcagagagatgatcagcttacaagatatggatggaaccgcaacactgagccttctggagttccgt  1840

N  T  C  R  E  M  I  S  L  Q  D  M  D  G  T  A  T  L  S  L  L  E  F  R     600

attctgtggatgaagatacagaaatatttggcaatctatttaaaggcagactcggatcgttctggaatcatg  1912

I  L  W  M  K  I  Q  K  Y  L  A  I  Y  L  K  A  D  S  D  R  S  G  I  M     624

gactctcatgagctgagaacagctttgcaagaagcaggttttactctgaataataagatccatgaatcaatt  1984

D  S  H  E  L  R  T  A  L  Q  E  A  G  F  T  L  N  N  K  I  H  E  S  I     648

gtgcagcgctacgcatccaatgacctggctcttaactttgatggctttatcgcttgtatgatgcgcctggag  2056

V  Q  R  Y  A  S  N  D  L  A  L  N  F  D  G  F  I  A  C  M  M  R  L  E     672

accttgttcaaaatgtttcagatgttggacaagagtaagagaggggtcgttgagctgagtttacaagagtgg  2128

T  L  F  K  M  F  Q  M  L  D  K  S  K  R  G  V  V  E  L  S  L  Q  E  W     696

ctctgcgcaacattggtctgaacctttactgccgtcgctgtgcaattctgtctccgtctggaagtgcattgc  2200

L  C  A  T  L  V  stop                                                     702

acttgatgtaaaaacagatacacacacacatgtaaatgagagaatatttgtaaaatagaatattatttcttg  2272 

gaaaggttgttacgcacagataatgacatgtatgtgcactcgtttgaagggatggttcacctttgggttaac  2344 

ttttggtatgttatagaatgccctattcatagcaatttttcaattggtcttcattatttattttgtataggt  2416

ttttaagtatttgccccatctcctgactcttcccggctttcaaatgggtcactgaccccatttaaaacagat  2488

gctttgtaaggctacagatttagtgggttatttattaaatatcaaattgtgacatctcaaaaaattcactag  2560

aaaacttgaatttttagagggaaaaaaagttttttcaagatttattataccttgatgctgcaaaaaaaaaaa  2632

aaaaaaa                                                                   2639
(B)
XCL-2       MSRSAAVIAKDRTLADGGGTKRNPEKYLDQEFEKLRAQCLASGALYKDEEFPACPSALGY 60

nCL-2       -AAL--GVS-Q-AV-E-L-SNQNAVK--G-DFET--KQ--NS-V-FK-PE---C-S---Y 60

hCalpain    -AGI--KLA-D-EA-E-L-SHERAIK--N-DYEA--NE--EA-T-FQ-PS---I-S---F 60

cCalpain    -AGM--ALA-E-AA-A-A-RHGQAVP--G-DFGA--RE--QG-R-FH-PS---G-A---Y 60

XCL-2       NELRPGSYKTSGVIWKRPTEICPNPQFIVDGATRGDIRQGALGDCWLLAAIASLTLEPDL 120

nCL-2       KD-G-G-PD-Q-IV-K----L-PN-Q--VG----T--R--G-V-------------NEKL 120

hCalpain    KE-G-Y-SK-R-MR-K----I-AD-Q--IG----T--C--A-G-------------NEEI 120

cCalpain    RE-G-N-YK-K-VV-C----L-SC-R--AG----T--C--A-G-------------NEEI 120

XCL-2       VAQVVPENQSFQKNYAGIFHFRFWQYGEWVDVVVDDRLPTKNGKLVFVHSAEGDEFWSAL 180

nCL-2       LYR-L-RD----KD-------Q--------E--I-------N-Q-L-L--E--N------ 180

hCalpain    LAR-V-LN----EN-------Q--------E--V-------D-E-L-V--A--S------ 180

cCalpain    LAR-V-RD----DE-------Q--------D--V-------N-E-L-V--A--S------ 180

XCL-2       LEKAYAKLNGSYEALTGGSTIEGFEDFTGGIAEVYELKKAPPNLFQIIQKALKAESLLGC 240

nCL-2       -------L--S----V--S-I----------S-F-D-K-P-E--YY------RKG----- 240

hCalpain    -------I--C----S--A-T----------A-W-E-K-P-P--FK------QKG----- 240

cCalpian    -------L--S----S--T-T----------A-W-E-Q-A-P--FK------QKG----- 240

XCL-2       SIDITNAYDTEAITSRKLVKGHAYSVTGAEEVLYRGRQEKLIRVRNPWGEVEWTGPWSDE 300

nCL-2       ---VST-AEA--T-RQ------------V---NFH-RPE----L---------S-A-S-N 300

hCalpain    ---ITS-ADS--I-FQ------------A---ESN-SLQ----I---------T-R-N-N 300

cCalpain    ---ITS-AET--V-SQ------------A---NFR-SIQ----I---------T-K-N-N 300

XCL-2       APEWNYVDPKVKAVLDKKSEDGEFWMAFSDFLREYSRLEICNLSPDTLTSNHQHKWNITL 360

nCL-2       A-E-NYI--RRKEE-DKKA-------S-S---KQ---------S--S-S-EEIH--NLVL 360

hCalpain    C-S-NTI--EERER-TRRH-------S-S---RH---------T--T-T-DTYK--KLTK 360

cCalpain    C-N-SGV--EVRER-TRRH-------A-N---RH---------T--T-A-DRYK--SLLK 360

XCL-2       YTGSWARGSTAGGCQNYPATFWTNPQFRIKLDEPDDDHQGTNNEPCCTVIVGLMQKNRRR 420

nCL-2       FN-R-T--S-----L---G-Y-T---FK-H-D-V-E-QEEGTS-PC--VLL--M--N--R 420

hCalpain    MD-N-R--S-----R---N-F-M---YL-K-E-E-E-EEDG..-SG--FLV--I--H--R 418

cCalpain    LD-N-R--A-----R---N-F-T---YL-K-E-E-E-PDDP..-GG--FLI--I--H--K 418

XCL-2       KKKMGEDLLSIGYSLFKIPDQLQDHTDAHLGRDFLQKTPTAARSDTYINVREVSNRFHLP 480

nCL-2       QKRI-QGMLS--YAVYQI-KELESH-DA--GRD-FLGRQPSTC-S-YM-L---SS-VR-- 480

hCalpain    QRKM-EDMHT--FGIYEV-EELSGQ-NI--SKN-FLTNRARER-D-FI-L---LN-FK-- 478

cCalpain    QRKM-EDMHT--FAIYEV-PEFSGQ-NI--SKN-FLTNKAREK-N-FI-L---LN-FK-- 478

XCL-2       VGDYLIVPSTFEPFKNGDFCLRVFSEKEAKSLEVGDVVIAKPYEPQISNKDVPD.DFKNI 539

nCL-2       P-Q-LV-------FKD----L------K-KALEIG-TVSGHPH-PHPRDM-EEDEHVRSL 540

hCalpain    P-E-IL-------NKD----I------K-DYQAVD-EIEANLE-FDISED-IDD.GVRRL 537

cCalpain    A-E-II-------NLN----L------N-NSTVID-EIEANFE-TEIDED-IEP.SFKKL 537

XCL-2       FDKLAGDKEEVDARELQTILNKLISKRPDLRSNGFTLNTCREMISLQDMDGTATLSLLEF 599

nCL-2       -EEFV-KDS-IS-NQ-KRV-NEVLS--T-MKFD--NIN--RE-ISLL-S--TGS-GPM-- 600

hCalpain    -AQLA-EDA-IS-FE-QTI-RRVLA--Q-IKSD--SIE--KI-VDML-S--SGK-GLK-- 597

cCalpain    -GQLA-SDA-IS-FE-RSI-NKILA--Q-IKSD--SIE--KI-VDLL-N--SGK-GLK-- 597

XCL-2       RILWMKIQKYLAIYLKADSDRSGIMDSHELRTALQEAGFTLNNKIHESIVQRYASNDLAL 659

nCL-2       KT--L--RT-LE-FQEM-HNHV-TIEAH-M-T--KK---TLNNQVQQT-AM-Y-CSK-GV 660

hCalpain    YI--T--QK-QK-YREI-VDRS-TMNSY-M-K--EE---KMPCQLHQV-VA-F-DDQ-II 657

cCalpain    HT--T--QK-QK-YREI-VDRS-TMNSY-M-R--EA---KLSCQLHQI-VA-F-DED-II 657

XCL-2       NFDGFIACMMRLETLFKMFQMLDKSKRGVVELSLQEWLCATLV 702

nCL-2       D-NGFVA-MI-----F-L-RL--KDQN-IVQ-S-AE--CCVLV 703

hCalpain    D-DNFVR-LV-----F-I-KQ--PENT-TIE-D-IS--CFSVL 700

cCalpain    D-DNCVR-LI-----Y-M-RK--TEKT-TIE-N-IN--FFTVI 700

Fig.3.2 XCL-2 is novel member of m-type Calpain protease family. (A) Conceptual translation of XCL-2. The putative translation start codon is preceded by a stop codon 12 triplets upstream (underlined). The four domains are separated by asterisks, the tentative active sites Cys 105, His 262 and Asn 286 in proteolytic domain are in bold and the four calcium-binding EF-hand motifs in Ca2+ domain are underlined. (B) Multi-alignment between the amino acid sequences of XCL-2, rat stomach-specific m-type Calpain nCL-2, human ubiquitous m-type Calpain (hCalpain), and chicken ubiquitous m-type Calpain (cCalpain).
stomach-specific m-type Calpain nCL-2 (Sorimachi et al., 1993), with 64% identity in amino acids, and ubiquitous m-type Calpains in species such as human and chicken, both with 60% identity (Fig.3.2B). Moreover, the protein has exactly the same domain structure, the calcium-binding motifs (EF-hands) and the three active sites (Cys 105, His 262 and Asn 286) in proteolytic domain, as in other typical Calpains (Arthur et al., 1995; Sorimachi et al., 1997; Fig.3.3). It was hence designated as Xenopus CL-2 (XCL-2) (Genbank accession number: AF212199).

[image: image1..pict]
Fig.3.3 Schematic struc-ture of XCL-2, nCL-2 and the ubiquitous m-type Calpain large subunit (mCL). The four domains are indicated with I, II, III, and IV, respectively; per-centages represent the identities between XCL-2, nCL-2 and ubiquitous Calpains in human or chicken; and C, H and N are the three active sites in Fig. 3.2A. aa, amino acid.

3.1.3 cDNA and amino acid sequences of XETOR
A cDNA sequence of 2377 bp was obtained from clone 18H2. Similarly, the coding region of this cDNA was not complete at its 5’-end, either, and 5’RACE was again applied to extend the coding sequence to the 5’-end. Finally, a cDNA sequence of 2936 bp with a complete ORF was obtained (Fig.3.4A). The complete open reading frame encodes a protein of 586 amino acids with an overall homology of 72% to MTG8-like protein MTGR1, 59% to ETO in human and 29% to Nervy in Drosophila (Fig.3.4B). MTG8 (also known as ETO or CDR) is a proto-oncogene because it composes most of the fusion transcript that is consistently present in acute myeloid leukemias containing the t(8;21) translocation. XETOR in structure like other ETO/MTG8 related proteins has four conserved domains termed Nervy Homologous Regions (NHRs; NHR1, aa101-198; NHR2, aa336-363; NHR3, aa426-474; NHR4, aa497-534; Fig.3.4B) because they share greater than 45% homology in these regions. Analysis of NHR1 showed that it is homologous to TATA-binding protein-associated factors (Erickson et al., 1994; Feinstein et al., 1995) and NHR2 is a helical domain (Kitabayashi et al., 1998) with an oligomerization function (Zhang et al., 2001). NHR3 has also a helical structure (Hildebrand et al., 2001). While NHR4 corresponds to two zinc-finger motifs (-C-x-x-C-7x-C-x-x-C-; -C-x-x-x-C-7x-H-x-x-x-C-; Fig.3.4B)(Feinstein et al., 1995; Kitabayashi et al., 1998). It was therefore named as Xenopus ETO Related protein (XETOR), and the nucleotide sequence was deposited in Genbank with accession number AF212198. 

(A)
    ggccctttaaccttctgtgtatt    23

gtagcaacatcaagattatattcattttactggggacttgtgtgacattgtggctttgcatttgctttggataga    98

atggttgggattccaggaccctatcagtttactggggacaagagggtgccagccatgcctgggtctcccatggaa   173 

M  V  G  I  P  G  P  Y  Q  F  T  G  D  K  R  V  P  A  M  P  G  S  P  M  E      25

gtgaagatccactccagatcctcgccgccaatcatggcaccacttcctcctgtgaatcctggtggacttcggcct   248

V  K  I  H  S  R  S  S  P  P  I  M  A  P  L  P  P  V  N  P  G  G  L  R  P      50 

gtcggctttcccccatcatcacattccaatggtatcaaccattctccccccacacttaatggagccccatcccca   323

V  G  F  P  P  S  S  H  S  N  G  I  N  H  S  P  P  T  L  N  G  A  P  S  P      75

cctcagcgttccagcaatggtccatcatcatcatcctcctcttccctggccaatcagcagcttcctgccacctgt   398

P  Q  R  S  S  N  G  P  S  S  S  S  S  S  S  L  A  N  Q  Q  L  P  A  T  C     100

ggggtgaggcaactcagcaaactgaaaagatttctcactacattgcagcagtttggaaacgacatctctccagag   473

G  V  R  Q  L  S  K  L  K  R  F  L  T  T  L  Q  Q  F  G  N  D  I  S  P  E     125

ataggggaaaaggtccgcaccctagttttggccctggtgaactcaactgtaaccattgaggaatttcactgcaaa   548

I  G  E  K  V  R  T  L  V  L  A  L  V  N  S  T  V  T  I  E  E  F  H  C  K     150

ctgcaagaagccaccaattttcccttgcgcccctttgtcattccattcctgaaggccaacttgcctcttctgcag   623

L  Q  E  A  T  N  F  P  L  R  P  F  V  I  P  F  L  K  A  N  L  P  L  L  Q     175

cgggagttactacactgtgcccgagctggcaagcagaccccttcccagtacctggcacagcatgaacatattctc   698

R  E  L  L  H  C  A  R  A  G  K  Q  T  P  S  Q  Y  L  A  Q  H  E  H  I  L     200

ctgaataccagcacttcttccccagcagattcctcagaactgcttatggaaatgaatggcaatgggaaacgacat   773

L  N  T  S  T  S  S  P  A  D  S  S  E  L  L  M  E  M  N  G  N  G  K  R  H     225

agccctgacaggagagaagaagagagagaaactgcacccgcggaacctccagttaagagagtctgcactatcagt   848

S  P  D  R  R  E  E  E  R  E  T  A  P  A  E  P  P  V  K  R  V  C  T  I  S     250

ccagcccccagacacagcccggctttgtccctccctctcgtgaacagcaccagccacttccacccaacaccacca   923

P  A  P  R  H  S  P  A  L  S  L  P  L  V  N  S  T  S  H  F  H  P  T  P  P     275

ccccttcagcactactccttggaggatattcccagctctcagctttacagagaccacctaaacaagatcggcgaa   998

P  L  Q  H  Y  S  L  E  D  I  P  S  S  Q  L  Y  R  D  H  L  N  K  I  G  E     300

caccgggacgttagagatcggcatcacagttctggagtcaatggcaacttaaataatggctaccaggaagaactt  1073

H  R  D  V  R  D  R  H  H  S  S  G  V  N  G  N  L  N  N  G  Y  Q  E  E  L     325

gtagaccatcggctgacagagcgagaatgggcagaagaatggaagcatctggaccatgcattgaactgtatcatg  1148

V  D  H  R  L  T  E  R  E  W  A  E  E  W  K  H  L  D  H  A  L  N  C  I  M     350

gagatggtagagaagactcggcgctcaatggccgtgctgcgtcgctgtcaggaagtggatagagacgagctcaac  1223

E  M  V  E  K  T  R  R  S  M  A  V  L  R  R  C  Q  E  V  D  R  D  E  L  N     375

tactggaaacggagattcaacgagtcaaatgagatccggaagggaagtgagcatcccagcaggcaacatagccct  1298

Y  W  K  R  R  F  N  E  S  N  E  I  R  K  G  S  E  H  P  S  R  Q  H  S  P     400

tccagcaccgattcaggagccagcgattccgttcgtgactttgggagcagaacaggagcaggctatgtaacagat  1373

S  S  T  D  S  G  A  S  D  S  V  R  D  F  G  S  R  T  G  A  G  Y  V  T  D     425

gagatctggagaaaagcagaggaggcagtgaatgaagtcaaacggcaggcaatgtctgaagtacaaaaggctgtc  1448

E  I  W  R  K  A  E  E  A  V  N  E  V  K  R  Q  A  M  S  E  V  Q  K  A  V     450

tcggaagcagagcagaaagcatttgagatgatagcatcagagagagcaaggatggaacagaccattgtggacgca  1523

S  E  A  E  Q  K  A  F  E  M  I  A  S  E  R  A  R  M  E  Q  T  I  V  D  A     475

aagaggagggctgcagaagacgccgtcttggttgtgaatgagcaggaagagtccactgagagctgctggaattgt  1598

K  R  R  A  A  E  D  A  V  L  V  V  N  E  Q  E  E  S  T  E  S  C  W  N  C     500

ggtcggaaagcgagcgagacatgcagtggctgtaacatcgctcgctactgtggctccttctgtcagcacaaggac  1673

G  R  K  A  S  E  T  C  S  G  C  N  I  A  R  Y  C  G  S  F  C  Q  H  K  D     525

tgggagaaacatcaccgcatctgtggccaaagcatgcatacacaggcaaaaccactcaccccatctcgttccctg  1748

W  E  K  H  H  R  I  C  G  Q  S  M  H  T  Q  A  K  P  L  T  P  S  R  S  L     550

atccccaaagcctctgaccccgtccttctgagccccactctggagaggtcttccagcgccacctcacgctcctct  1823

I  P  K  A  S  D  P  V  L  L  S  P  T  L  E  R  S  S  S  A  T  S  R  S  S     575

acacctgcttctgtcactgctgttgatggcctgtgaagagagaatgagaatgagtctttttccccctatggattt  1898

T  P  A  S  V  T  A  V  D  G  L  stop                                         586

atttaccccctttttgcgctcagagtaacataataagtccacgagacagcagcaattcggcctttctctgaagag  1973

aaaatttcatccatcttgatgtatttaaataattgctggtgcagcaaaatacaagaagagacagttaataaagaa  2048

gatgggaaaaaaactgaaatcgcccggagacctattggcccatctctttaaaaaggcaattgcccaaatgggatc  2123

taaattgtgtgtgtatatatatatatatatatttgaaatggacattcatttggctgatttctagtggaccagatt  2198

gctagggacttctatctgggcctcaaagtgttatcccagttatagactgcattctggactaaccaagcaatcggt  2273

atgttcgtgtttggcctttgcatcccgtattttcttgcccagaagaaaaagcagatatgtaatatatctccctca  2348

gcctaacccatgttgtctatcaggaagagtcagcatgagtcgtttggttgttaaatgggcaaatatcagggccat  2423

acaataaagactatttgtgaaactgagattttataagagatcatgtaccccctattgttaagtatgaatatatta  2498

catcacttagcatatggatatgcatatggactgtgctattgtctaggagcagttgtgcctatggctttgcagcac  2573

aagggatttgcaaaatggcagactggccaaaccaaatgtaaacttcagatggattatttttcacttccaaagatg  2648

tcaccaaatatgagattaaattgtcagtctttccgtgtagataatgtaacataataaggattattctcactccgt  2723

attttcgtgtctgttgaaagtgataaacgtttcctcccatcgtcagagctgcgttggttcattgttggaaattgc  2798

tcattttataaagtgctgtttcatgaataagctacatatattatgtgagtcctgtacagattacagatatactaa  2873

tcatttattatggagtttattcaataaagttcattttaccagtaaaaaaaaaaaaaaaaaaaa              2936
(B)

XETOR    ............................................................

MTGR1    ............................................................

ETO      ............................................................

Nervy    MMALDGKAIIKEEITDKDAYDAAAAAAAAVAAGRALAVASAAAVQVPPASSSSAGSASSA 60

XETOR    .................MVGIPGPYQFTG........DKRVPAMPGSPMEVKIHSRS... 32

MTGR1    ......MAKESGISLKEIQVLARQWKVGP........EKRVPAMPG-PVEVKIQS-S... 43
ETO      ......MISVKRNTWRALSLVIGDCRKKGNFEYCQDRTEKHSTMPD-PVDVKTQS-L... 51

Nervy    AAAATNNTTSAAATAAAISRRLKASSSGGDKSSTSSSSSKDSSHTS-SRSERDRE-ERER 120 

XETOR    .............SPP....IMAPLPPVNPGGLRPVGFPPSSHSNGINHSPPTLNGAPSP 75

MTGR1    .............S--....TMP-LP-INPGGPRPVSFTPTALSNGINH-PPTLN-AP-P 86

ETO      .............T--....TMP-.P-TTQGAPRTSSFTPTTLTNGTSH-PTALN-AP-P 93

Nervy    ERERDRLCRTPPDS--DSSRSLA-RS-HSPLQLHQRPQRNASVSPVVNG-SSGGG-VG-S 180

XETOR    PQRSSNGPSSSSSSSLANQQLPATCG....VRQLSKLKRFLTTLQQFGNDIS.PEIGEKV 130

MTGR1    PQRFSNG-A-STSSA-TNQQLPATCG....A-QL--LKR--TT-Q--GNDIS.--IG-K- 141

ETO      PNGFSNG-S-SSSSS-ANQQLPPACG....A-QL--LKR--TT-Q--GNDIS.--IG-R- 148

Nervy    GTSPTPT-G-QHAAS-AAAAAAAAAAHVEQA-LV--MRK--GA-V--SQELGQ--VS-R- 240

XETOR    RTLVLALVNSTVTIEEFHCKLQEATNFPLRPFVIPFLKANLPLLQRELLHCARAGKQTPS 190

MTGR1    -T---A-VNSTVTI---HCK----T-F----F-I-F--ANLP-L---L-HC--AAK-TPS 201

ETO      -T---G-VNSTLTI---HSK----T-F----F-I-F--ANLP-L---L-HC--LAK-NPA 208

Nervy    -A---S-CSGSISV---RLA----I-L----Y-V-L--NSIA-V---I-AL--ATN-SAL 300

                                   I

XETOR    QYLAQHEHILLNTSTS..SPADSSELLMEMNG...NGKRHSPDRREE...ERETAPAEPP 242

MTGR1    --LAQH-HLLLNTSIA..SPADSSELLMEVHG...--KRPSPE-REENSFDRDTIAPEPP 256

ETO      --LAQH-QLLLDASTT..SPVDSSELLLDVNE...--KRRTPD-TKENGFDREPLHSEHP 263

Nervy    --VTNN-QAVMEFAPHGVASAEFGDIFIQLEAPTS--SSAVFK-RSSDSMMEHGGHNGLQ 360

XETOR    VKRVCTISPAPRHSPALSLPLVNSTSHFHPTPPPLQHYSLEDIPSSQLYRDHLNKIGEHR 302

MTGR1    AKRVCTI-PAPRHS-ALTVPLMNPGGQFHPTPPPLQHYTLEDIATSHLYRE.PNKMLEHR 315

ETO      SKRPCTI-PGQRYS-NNGLSYQ.PNGLPHPTPPPPQHYRLDDMAIAHHYRD.SYRHPSHR 321

Nervy    EWSEYMA-GGAGYP-PPSKRLTLHPAHSVVAYGEYGVSSAEGLPSAAAFMQRDERDLRMS 420

XETOR    DVRDRHHSSGVNGNLNNGYQEELVDHRLTEREWAEEWKHLDHALNCIMEMVEKTRRSMAV 362

MTGR1    EVRD-HHSLGLNG....GYQDELVDHRLTEREWAD---HLDHA----ME--E--R-SMAV 371

ETO      DLRD-NRPMGLHG....TRQEEMIDHRLTDREWAE---HLDHL----MD--E--R-SLTV 377

Nervy    EAQA-HAAPPQRAG-NPQPNPNAAAPGAPGAGGEE---NIHTM----SA--D--K-AITI 479

                                                           II

XETOR    LRRCQEVDRDELNYWKRRFNESNEIRK.GSEHP..SRQHSPSSTDSGASDSVRDFGSRTG 419

MTGR1    -RRCQESDREELNYWKRRYNENTELRKTGTELV..SRQHS-GSADSLSNDSQREFNSRPG 429

ETO      -RRCQEADREELNYWIRRYSDAEDLKKGGGSSSSHSRQQS-VNPDPVALDAHREFLHRPA 437

Nervy    -QQRG..............................IEPQH-NSGQEVTPAAMAELRR..Q 507

XETOR    AGYVTDEIWRKAEEAVNEVKRQAMSEVQKAVSEAEQKAFEMIASERARMEQTIVDAKRRA 479

MTGR1    TGYVPV-FWKKT-E--NK--I--MS-V-K--AE--QK-FEVIAT--AR--QTIADVK-QA 489

ETO      SGYVPE-IWKKA-E--NE--R--MT-L-K--SE--RK-HDMITT--AK--RTVAEAK-QA 497

Nervy    TEEKVA-FKRNA-D--TQ--R--VI-I-R--VA--TR-AEIMTQ--LR--KFFMEMS-HS 567

                                      III

XETOR    AED........AVLVVNEQEESTESCWNCGRKASETCSGCNIARYCGSFCQHKDWEKHHR 531

MTGR1    AED........AFLVINEQEESTEN--------S-------I----GSF--HK--ER--R 541

ETO      AED........ALAVINQQEDSSES--------S-------T----GSF--HK--EK--H 549

Nervy    SGERDLDNKSPSMASAQNGSNLQQQ--------T-------M----SAS--YR--DS--Q 627

                                  *  *       *  *  IV *   *       * 

XETOR    ICG.........QSMHT.........QAKPLTPS.RSLIPKASDPVLLSPTLERSSSATS 572

MTGR1    L--.........QNLHGQS....PHGQGRPLL-VGRGSSARSADCSVPSPALDKTSATTS 588

ETO      I--.........QTLQA.........QQQGDT-AVSSSVTPNSGAGSP...MDTPPAATP 588

Nervy    V--NTRASELSAKHLHSASNLSLRNAMATRSP-TPNSAAHLQAAAAAAAAAAGAREAVSA 687

          *

XETOR    RSSTPASVTAVD..GL........................................ 586

MTGR1    RSST-ASVTAIDTNGL........................................ 604

ETO      RSTT-GTPSTIETTPR........................................ 604

Nervy    PVGG-GAGIAVGTGAGSGGQSGGGGGGGGGGGGGAAAAAVAAATPGALVANGLGSK 743

Fig. 3.4 XETOR is a novel member of ETO oncoprotein family. (A) Conceptual translation of XETOR. The translation start codon is preceded by a stop codon 11 triplets upstream (underlined). (B) Amino acid sequence comparison between XETOR and human MTG8-related protein (MTGR1), human ETO and Drosophila Nervy proteins. The four conserved Nervy Homologous Regions are underlined and marked with I, II, III, and IV underneath. The two zinc finger motifs (-C-x-x-C-7x-C-x-x-C-; -C-x-x-x-C-7x-H-x-x-x-C-) are in bold and the cysteine and histidine residues in the motifs are marked with asterisks.

3.2 Spatial and temporal expression of XODC2, XCL-2 and XETOR
3.2.1 Expression pattern of XODC2

The expression of XODC2 was first detected by whole mount in situ hybridization at stage 9 at the animal pole (Fig.3.5D), and increases during gastrulation (Fig.3.5E). At neurula stages the expression shifts to neural folds but more pronounced in the two extreme cranial and caudal regions along the anterior-posterior axis (Fig.3.5F). However, starting from tailbud stage, its expression is gradually restricted to certain tissues: forebrain, inner layer of epidermis of the head area, stomodeal-hypophyseal anlage, frontal gland, ear vesicle, branchial arches, the most anterior neural tube, the inner- and outer fin of the tail and proctodeum (Fig.3.5G, H). This prominent localized expression was also confirmed by histological sections through the head and tail areas (Fig.3.5I, J, K). After stage 34 the expression was no longer detectable by in situ hybridization. RT-PCR was also used to study the temporal expression of the gene. It could be shown that this gene is already expressed in the unfertilized egg, but at a very low level. Starting from stage 9 its expression increases gradually and reaches the highest level at the end of neurula and the beginning of the tailbud stage, and then decreases gradually (Fig.3.6). 

Since the gene encodes a protein that is highly homologous to XODC1, which has been found ubiquitously in almost every cell type studied, it is of certain interest to compare the expression of the two genes. No discernible signals of XODC2 could be seen in embryos before stage 9, while significant staining is already observed in the animal pole of unfertilized eggs, cleavage and gastrula embryos (Fig.3.5L and data not shown). Starting from neurula stage, expression of XODC2 is gradually localized as described above, while in contrast, during neurula and tailbud stages, as expected the expression of XODC1 is ubiquitously observed throughout the whole embryos except cement glands in tailbud embryos (Fig.3.5M, N). Additional studies with RT-PCR demonstrated that XODC2 is different from XODC1 in its temporal expression. In the case of XODC1, the expression is nearly uniform through all stages examined, but the expression level of XODC2 varies to a certain degree during embryonic development. It is quite low in embryos before stage 9 followed by a dramatic  increase up till stage 29, and then decreases gradually (Fig.3.6). In 
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Fig. 3.5 Expression patterns of XODC2 (A-K) and XODC1 (L-N) by whole mount in situ hybridi-zation. (A-C) Unfertilized egg and early embryos before stage 8 showing no significant signal for XODC2. (D, E) Late blastula and gastrula embryos showing strong signal. (F, G) During neurula and early tailbud stages the expression extends to both ends of body axis and becomes gradually localized. (H) stage 33 embryo showing tissue-specific expression in anus, branchial arches, the surface of the lower part of cement gland, ear vesicle, forebrain, frontal gland, and inner- and outer-fin at tail tip. (I) A mid-sagittal section through the head of a stage 26 embryo, showing the expression of XODC2 in stomodeal-hypophyseal anlage, and the inner layer of epidermis of the forehead area and underneath the cement gland. (J) A mid-sagittal section through the head of a late tailbud (stage 30) embryo, confirming the expression in frontal gland, prosencephalon and lower surface of cement gland, as revealed in (H); moreover, it also confirms its expression in most anterior neural tube. (K) A sagittal section through the tail of a stage 33 embryo confirming the expression of XODC2 in anus. (L-N) Ubiquitous expression of XODC1 in early embryogenesis. In all the figures the animal pole or dorsal is up and the anterior is left. an, anus; ba, branchial arch; cg, cement gland; ev, ear vesicle; fb, forebrain; fin, fin; fg, frontal gland; ie, inner layer of epidermis; nt, neural tube; pc, prosencephalon; pr, proctodeum; sha: stomodeal-hypophyseal anlage.

conclusion, by whole mount in situ hybridization the author could show the tissue-specific expression pattern of a novel cDNA paralogous to ubiquitous ODC in Xenopus laevis.
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Fig.3.6 Tem-poral expres-sion of XODC2 and XODC1 revealed by RT-PCR. The expressions of both genes were detected since unfertilized egg. However, there is little variation in the expression level of XODC1, while the expression level of XODC2 in different stages changes significantly, with quite low level before stage 9 and dramatic increase thenceforth until stage 34. Numbers indicate embryonic stages. E, unfertilized egg; RT-, control reverse transcription without transcriptase.
3.2.2 Expression pattern of XCL-2
Spatial expression of XCL-2 was examined by whole mount in situ hybridization. Signals were first detected in the area close to the ventral blastopore lip at stage 12.5 (Fig. 3.7A). As neurulation proceeds, its expression is mainly localized to the most anterior and posterior areas; that is, the most anterior part of the neural plate (Fig. 3.7B) and a very restricted area ventral to the closed slit-like blastopore (Fig. 3.7C). Sagittal histological sections through a stage 15 embryo revealed that in the anterior XCL-2 was expressed in the mesoderm-free zone at the most anterior tip of neural plate, where the stomodeum and cement gland form. In the posterior area, it was expressed in the ventral part of circumblastoporal collar (Fig. 3.7G). From the late neurula stage, it was expressed significantly in the cement gland and proctodeum (Fig. 3.7D). The staining pattern was also confirmed by sagittal sections through the head or tail area of stage 23 embryos, respectively (Fig. 3.7H, I). After stage 34, expression was only found in the cement gland (Fig. 3.7F). Temporal expression pattern was also examined using RT-PCR. The signal is already detectable at stage  10.   The  expression  level   increases   gradually  during  neurulation  and

reaches the highest level at stage 30. In the late tailbud and swimming tadpole stages, only low levels were detected (Fig. 3.8A).
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Fig.3.7  Spatial expres-sion of XCL-2. (A) Posterior view of stage 12.5 embryos. Dorsal is up. Signal appears at a restricted area ventral to blastopore. (B, C) Anterior and posterior views, respectively, of a same stage 15 embryo. Dorsal is up. In (B), expression is detected at the most anterior of neural plate; in (C) it shows the same expression zone as in (A). (D) Ventral view of a late neurula.  Anterior is left. It shows the localized expression in cement gland and proctodeum. (E) Ventral view of an early tailbud. Anterior is left. The expression in cement gland and proctodeum becomes even stronger. (F) In late tailbud stages, expression is only detected in the cement gland. (G) A sagittal section through a stage 15 embryo, confirming that the expression in (B) and (C) is only localized to the mesoderm-free zone and the ventral circumblastoporal collar. The expression zone is highlighted with boxes. (H, I) Sagittal sections through the head and tail of a stage 23 embryo, respectively, confirming that the expression in (E) is only localized to cement gland and proctodeum. a, anterior view; bl, blastopore; cg, cement gland; mfz, mesoderm-free zone; nf, neural fold; nt, neural tube; p, posterior view; pc, prosencephalon; pr, proctoduem; pv, procencephalic ventricle; vbc, ventral circumblastoporal collar.

Expression pattern of XCL-2 in adult tissues was further examined. RNA was extracted from brain, eye, heart, intestine, kidney, liver, lung, muscle, nerve, ovary, skin, spleen, stomach and testis. Relatively high levels of expression of XCL-2 were detected in kidney, lung and stomach, and low levels were detected in brain, eye, heart, intestine and testis. Expression was not detected in liver, muscle, nerve, ovary, skin and spleen (Fig. 3.8B). The stomach expression of XCL-2 confirms that it is closely related to nCL-2, which is predominantly expressed in rat stomach (Sorimachi et al., 1993).
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Fig. 3.8 Expression patterns of XCL-2 detected with RT-PCR. (A) Temporal expression during embryogenesis. Numbers indicate developmental stages. Expression was detected from the onset of gastrulation (stage 10). The expression level continuously increases until the middle of tailbud stage. After approximately stage 30, the expression level decreases gradually. (B) Expression in adult tissues. Various levels of expression of XCL-2 were detected in adult tissues such as brain, eye, heart, intestine, kidney, lung, stomach and testis, but not in liver, muscle, nerve, ovary, skin and spleen. ODC was used as loading control in both cases. br, brain; ey, eye; he, heart; in, intestine; ki, kidney; li, liver; lu, lung; mu, muscle; ne, nerve; ov, ovary; sk, skin; sp., spleen; st, stomach; te, testis; RT-, reverse transcription without reverse transcriptase.

3.2.3 Expression pattern of XETOR
XETOR transcripts in the nervous system were first detected within the dorsal ectoderm at stage 12.5 in a pattern of radially symmetrical stripes on either side of the dorsal midline of the posterior neural plate (Fig.3.9A). This pattern grows more prominent with the completion of gastrulation and ongoing of neurulation, after the neural plate has narrowed by convergent extension movements (Fig. 3.9B, D, E). The pattern of three longitudinal domains anticipates the expression of N-tubulin, which was previously shown to mark primary neurons. These primary neurons are formed in lateral, intermediate and medial stripes that will differentiate into motorneurons, interneurons and sensory neurons (Rohon-Beard cells), respectively (Oschwald et al., 1991; Chitnis et al., 1995), on either side of dorsal midline. In the anterior neural plate, expression of XETOR was also detected in a lateral group of cells associated with trigeminal ganglia, an extreme anterior group of cells associated with olfactory placode, a central stripe corresponding to the sites of future brain and in the prospective anterior neural crest cells (Fig.3.9B, C, D). It is noteworthy that during early stages of neurulation, there is also an expression domain of XETOR in the ventral side (Fig.3.9C).  This domain is reminiscent of the expression of Xaml in ventral blood island (Tracey et al., 1998). The ventral expression of XETOR seems to persist only in a very short time window between stages 12-14. Before and after this time, no expression was observed in this domain at all.  Double in situ hybridization showed that the expression domain of XETOR is overlapping with that of N-tubulin. However, the medial stripe of XETOR expression is broader than the corresponding stripe of N-tubulin, thus some cells located more laterally with respect to dorsal midline expressing XETOR do not express N-tubulin (Fig.3.9H, I). This may suggest the role of XETOR in refining the localization of primary neuron formation. In summary, such an expression pattern shows that XETOR is expressed at the location where primary neurogenesis occurs, and hence a marker for early embryonic neurogenesis.
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Fig. 3.9 Spatial expression of XETOR during embryogenesis revealed with whole mount in situ hybridization. (A) From stage 12.5 the signal appears in three stripes marked with l, i and m on each side of the embryo. (B) Expression in stripes grows more prominent as neurogenesis proceeds, and the expression is also observed in the trigeminal ganglia. (C) In addition to expression in neural system, XETOR is also expressed in the presumptive ventral blood island. (D) and (E) The expression moves towards the midline as the neural plate narrows due to convergent extension movements. (F) During early tailbud stage, XETOR expression is localized to brain and spinal cord. (G) At late tailbud stage, the expression domain in spinal cord disappears but becomes more prominent in midbrain, hindbrain and sensory organs in head area. (H) Double in situ hybridization reveals that the expression domain of XETOR (purple, and indicated with arrow heads) is overlapping with but broader than that of N-tubulin (magenta, and indicated with asterisks), in particular the medial stripe. (I) Transversal section through an embryo in (H) confirms the coexpression of the two genes. (A), (B), (D), (E) and (H) are dorsal view of neurulae, anterior is up; (C) is ventral view of a neurula as in (B), anterior is up; (F) is doral view of a tailbud, anterior is left; (G) lateral and dorsal view (inset) of a same tailbud, anterior is left. ba, branchial arch; bl, blastopore; i, intermediate stripe; l, lateral stripe; m, medial stripe; mc, mescencephalon; op, olfactory placode; rc, rhombencephalon; re, retina; vbi, ventral blood island.
From stage 24 on, XETOR was detected to express exclusively in the neural system, incuding the spinal cord, forebrain, midbrain, hindbrain, eyes, and olfactory placodes (Fig.3.9F). At around stage 32, the expression in spinal cord fades out and principally restricts to midbrain, hindbrain and the sensory organs in the head area (Fig.3.9G).

Expression of XETOR during secondary neurogenesis was also compared to that of other genes involved in neural development. It can be observed that the expression of Xngnr-1, XDelta-1, Xath3, and XNeuroD locates in the inner, mitotically active ventricular zone (Fig. 3.10A, B, C, F). In contrast, N-tubulin is expressed exclusively in the outer lateral layer of differentiated cells (Fig. 3.10D). The expression of XETOR is different from those above in that the transcripts seem to be distributed evenly in the dorsal part of neural tube (Fig. 3.10E).
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Fig. 3.10 Comparison between expression of XETOR (E) and the expression of Xngnr-1 (A), X-Delta-1 (B), Xath3 (C), N-tubulin (D), and XNeuroD (F) in the neural tube during secondary neuro-genesis. Embryos at stage 32 were hybridized with probes indicated in the figures. Transversal sections were made approximately through hindbrain.

3.3 Functional analyses on XODC2, XCL-2 and XETOR
3.3.1 Functional analysis on XODC2
mRNA of XODC2 or dnXODC2 was injected into either two dorsal or two ventral blastomeres of 4-cell stage embryos. However, no significant disruptions of embryogenesis in response to XODC2 or dnXODC2 overexpression were observed (data not shown). This observation suggests that XODC2 might not play pivotal roles for embryonic development. Therefore, further functional investigation was not made for XODC2.

3.3.2 Functional analysis on XCL-2
3.3.2.1 Overexpression of XCL-2 causes severe developmental defects in Xenopus embryos

In order to examine the effects of the XCL-2 gene on the embryonic development of X. laevis, various doses of mRNA were injected into embryos at early stages. Injection of mRNA at doses of 2 ng or 2.5 ng into two dorsal blastomeres close to the vegetal pole of the 4-cell stage embryo did not result in significant changes in embryonic morphology (data not shown). However, injections at the equatorial or animal region of two dorsal blastomeres caused significant developmental defects. The percentage of affected embryos rose with the increase in injected dose: 2 ng of XCL-2 mRNA resulted in 67% of embryos with defects, while 97% of embryos showed defects with a dose of 2.5 ng (Table 3.2). In control embryos injected with 2 ng of (-galactosidase mRNA, only 10% of the injected embryos showed developmental defects (Table 3.2). Affected embryos with XCL-2 injection first showed a delay in the gastrulation process, which resulted in a distinct phenotype at later stages. At the onset of gastrulation, the dorsal blastoporal lip formed, similar to control embryos. However, as gastrulation proceeded, the injected embryos showed a much larger blastopore and yolk plug (Fig. 3.11B) than untreated controls (Fig. 3.11A). The neural folds of these embryos did not close at the end of neurulation and the blastopore remained open. Therefore, the endoderm involuted only partially. Tailbud stage embryos and swimming tadpoles showed a reduction of the anterior-posterior axis, microcephaly and a bifurcate tail (Fig. 3.11D). The number of affected embryos and the degree of the phenotypic disorder increased with higher doses of injected mRNA (Table 3.2). In some cases, head structures were no longer formed.

Histological sections of the embryos were also prepared to analyze the phenotypic aberrations in more details. Head formation was disturbed to varying degrees in most injected embryos. It was difficult to discriminate between prosencephalon and mesencephalon in most embryos, either. The prosencephalic and mesencephalic ventricles were much smaller than those in normal embryos. However, the rhombencephalon developed quite normally. The embryos generally formed smaller eyes and otic vesicles. In some cases they were totally missing. Another target of defects was the notochord. Most embryos injected with  XCL-2 had  notochords with  an enlarged anterior part.  The elongated part was oriented in a dorsal-ventral direction. The notochords bifurcated behind the otic vesicles (Fig. 3.11E, F).
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Fig. 3.11   Overexpression of XCL-2 disrupts gastrulation movements and causes a significant phenotype. mRNA was injected into two dorsal blastomeres at the 4-cell stage. (A) Control embryos at stage 11 with normal blastopores. (B) Injected embryos showing blastopores of a much larger size than in the controls. (C) Control normal swimming tadpoles at stage 38. (D) Injected embryos at the same stage as in (C). The embryos show significant microcephaly (top) and even no discernible head structure (bottom), and shortening of the anterior-posterior axis. The foreheads shift dorsalwards. The endoderm of the embryos can be clearly seen externally and bifurcate tails are formed. (E, F) Transversal sections through the otic vesicle (E) and the trunk region behind the otic vesicle (F) of an injected embryo at stage 30, showing bifurcation and further shifting of notochord towards one side of the body. cc, central canal; no, notochord; ov, otic vesicle; rc, rhombencephalon; rv, rombencephalic ventricle; sp, spinal cord.
3.3.2.2 Ectopic expression of XCL-2 affects the location of mesodermal or neural markers and disrupts convergent extension

To determine whether ectopic expression of XCL-2 causes changes in pattern formation, whole mount in situ hybridization with different mesodermal and neural markers was carried out. In normal embryos at stage 11, the Xbra signal formed a ring around the yolk plug (Fig. 3.12A). However, in embryos injected with XCL-2, Xbra was still expressed around blastopore but was absent in the dorsal lip (Fig. 3.12D). The expression of Xvent-1 in the lateral mesoderm was much weaker or even absent in XCL-2-injected embryos (Fig. 3.12E), hence expression was more restricted to the ventral-most mesoderm than in the control (Fig. 3.12B). In midgastrulae, Chordin and Xotx2 are normally expressed only in dorsal blastopore lip (Fig. 3.12C, G), and in late gastrulae or early neurulae Chordin is also expressed in the midline (Fig. 3.12m). In contrast, their expression was extended laterally and posteriorly rather than anteriorly in embryos overexpressing XCL-2 (Fig. 3.12F, J, P). Further analysis with the paraxial mesodermal marker XMyoD (Fig. 3.12H, K, N, Q) and the neural marker Xsox3 (Fig. 3.12I, L, O, R) in midgastrula and midneurula embryos indicated that expression of these genes was not correctly localized compared with control embryos.
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Fig. 3.12   Overexpression of XCL-2 affects the localization of mesodermal or neural markers and disrupts convergent extension movements. mRNA was injected into two dorsal blastomeres at the 4-cell stage. (A) Expression of Xbra is localized to a ring surrounding the blastopore of control midgastrulae. In injected embryos the expression is absent at dorsal blastopore lip (D). (B) In control embryos of mid-gastrulae, Xvent-1 is expressed in ventral and lateral mesoderm, while overexpression of XCL-2 renders the expression shift more ventralwards (E). (C) Xotx2 in control midgastrulae is expressed in the dorsal blastopre lip, but in injected embryos its expression extends laterally (F). (G) Chordin (chd) is expressed at the dorsal blastopore lip of control midgastrulae and (M) at the midline in late gastrulae, but in injected embryos its expression extends posteriorly and laterally (J, P), showing disruption of convergent extension movement. (H) XMyoD is expressed in the paraxial mesoderm in late gastrulae and (N) mid-neurulae, but in injected embryos at equivalent stages (K, Q) it is expressed in a distance away from the midline, showing that paraxial mesoderm does not converge to the midline. (I, O) The neural plate is shown by the neural marker Xsox3 in normal late gastrulae and mid-neurulae, respectively, and also undergoes convergent extension. However, overexpression of XCL-2 causes the posterior expression area of Xsox3 to shift away from the midline, a further indication for the failure of convergence of the posterior neural plate towards the midline (L, R).

These results reveal that XCL-2 affects the localization of mesodermal or neural markers, but does not alter cell fate significantly. In addition, they also show that XCL-2 disrupts convergent extension movements. During gastrulation and neurulation, dorsal tissues, including the prospective notochord, somitic mesoderm and posterior neural plate, converge to the midline of the embryos and extend along the future anterior-posterior axis. This process of convergent extension is a prerequisite for the transformation of the spherical early embryo into an elongated, bilaterally symmetrical organism (Keller et al., 1991; Keller et al., 1992). In normal embryos, Chordin was expressed in the midline of late gastrulae or early neurulae formed by convergent extension of the notochord precursor cells (Fig. 3.12m), whereas the expression domain of Chordin in XCL-2 injected embryos was not at the midline but extended laterally and posteriorly (Fig. 3.12P). XMyoD is expressed in the dorsal-lateral mesoderm that also undergoes convergent extension to a paraxial position and forms future somites in control embryos (Fig. 3.12H, N). In injected embryos, however, it was expressed some distance away from the midline and towards the posterior (Fig. 3.12K, Q). In addition, the results with the neural marker Xsox3 reveal that the posterior neural plate of injected embryos also does not converge to the midline (Fig. 3.12L, R) compared with that in the control (Fig. 3.12I, O). This is a further indication of disruption of convergent extension of the posterior neural plate.

3.3.2.3 Overexpression of a dominant-negative type

mutant of XCL-2
It was subsequently tested in a loss-of-function analysis whether a dominant-negative XCL-2 mutant interferes with the in vivo function of XCL-2. It has been reported that a point mutation of active site Cys 105 functions in a dominant-negative manner in vivo (Arthur et al., 1995; Huang and Forsberg 1998; Masumoto et al., 1998). A similar mutant was therefore generated in which Cys105 was changed to serine (hereafter referred to as C105S). Different doses of C105S mRNA were injected close to the animal pole, equatorial region or vegetal pole of two ventral blastomeres of 4-cell stage embryos. Injection close to the vegetal pole did not result in significant development defects (9%, n = 53). When injection was made in the equatorial region, the number of affected embryos increased (26%, n = 57). When injection was done at the animal pole, the number of affected embryos increased more significantly. The affected embryos showed a distinct phenotype (see later). When 1.5 ng of C105S was injected, 64% of embryos were affected. A higher dose of 2 ng caused defects in 100% of cases (Table 3.2). Interestingly, overexpression of C105S and wild-type XCL-2 yielded similar phenotypes at the macroscopic level. During midgastrulae, enlarged yolk plugs were observed (Fig. 3.13B), which were not reduced in size in subsequent stages. The endoderm remained externally visible and bifurcate tails were formed (Fig. 3.13D). However, histological sections showed that the notochord malformations and bifurcation of the tail were quite different after XCL-2 and C105S overexpression. In contrast to embryos with XCL-2 overexpression (Fig. 3.11D, E, F), C105S-injected embryos showed a distinct bifurcation of the tail and a branched notochord (Fig. 3.13D, F, G).
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Fig. 3.13 Dominant-negative mutant C105S also disrupts gastrulation movement and results in a significant pheno-type, which can be rescued by coinjection with wild-type mRNA. mRNA of C105S or XCL-2 was injected into two ventral blastomeres at the 4-cell stage. (A) Control embryos at stage 11. (B) Injected embryos at an equivalent stage showing larger-sized blasto-pores. (C) Control embryos at stage 38. (D) Injected embryos at an equivalent stage showing nearly normal head structure, externally visible endoderm and bifurcate tail (top) or even no head in an extreme case (bottom). (F, G) Transversal sections through the otic vesicle (F) and the trunk region behind the otic vesicle (G) of an embryo injected with C105S at stage 30, showing ventralward movement of otic vesicles, flattening, ventralward bending, bifurcation and further shifting of notochord toward each side of the body (compare Fig. 3.11E, F). (E) Embryos rescued by co-injecting C105S and XCL-2 mRNA. cc, central canal; no, notochord; ov, otic vesicle; rc, rhombencephalon; rv, rombencephalic ventricle; sp, spinal cord.

3.3.2.4 Rescue of the C105S phenotype by wild-type XCL-2
To test whether the C105S phenotype can be rescued by increasing levels of wild-type XCL-2, XCL-2 and C105S were coinjected in different amounts. It was found that a ratio of XCL-2:C105S of 1:2 ng or 2:2 ng did not result in a significant rescue effect (data not shown). When the dose of XCL-2 was increased to 3 ng, the number of normal embryos increased significantly (44%); 3.75 ng XCL-2 rescued 83% of the injected embryos. The rescued embryos showed a normal or nearly normal phenotype (Fig. 3.13E). At a higher dose, say, 4.5 ng, the rescue rate decreased again (37%; Table 3.2). These results demonstrate that the mutant functions in a dominant-negative manner and the resultant phenotype can be rescued by the wild-type protein at the right concentration ratio.

Table 3.2 Effect of mRNA overexpression on embryonic development
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mRNA injected (ng)       normal        defected      
total
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XCL-2 (2)                18/33         37/67          55/100
XCL-2 (2.5)               3/3          93/97          96/100
C105S (1.5)              26/36         46/64          72/100
C105S (2)                 0/0          69/100         69/100
XCL-2:C105S (3:2)        27/44         35/56          62/100
XCL-2:C105S (3.75:2)     93/83         19/17         112/100
XCL-2:C105S (4.5:2)      31/37         52/63          83/100
LacZ (2)                 27/90          3/10          30/100
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3.3.3 Functional analysis on XETOR
3.3.3.1 XETOR overexpression inhibits formation of primary neurons but does not disrupt the neural plates

XETOR mRNA was injected together with LacZ serving as lineage tracer in the equatorial region of one blastomere at 2-cell stage, while the other served as internal control. When the embryos were grown to neural plate stage (stage 14-16), they were fixed and subject to whole mount in situ hybridization using primary neuron markers. First, it was observed that expression of N-tubulin, a marker gene for differentiated neurons (Oschwald et al., 1991), was dramatically downregulated and even totally eradicated in embryos overexpressing XETOR (45/48 embryos; Fig.3.14A). While in control embryos overexpressing only LacZ, there was no appreciable change in N-tubulin expression (41/43 embryos; Fig.3.14B). Second, it was also observed that overexpression of XETOR inhibited the expression of Xaml (29/29 embryos; Fig.3.14C), a sensory neuron marker gene (Tracey et al., 1998; Perron et al., 1999; Koyano-Nakagawa et al., 2000). The evidence did show that XETOR inhibits the formation of primary neurons. Then the following question was asked if the inhibition of primary neurons was the consequence of disruption of neural plate. It was found not to be the case because the expression of a neural plate marker gene Xsox3 (Penzel et al., 1997) was not affected in response to XETOR overexpression (Fig.3.14D). This primary data indicate the specific inhibition of expression of primary neuron marker genes by XETOR overexpression, and therefore suggest that XETOR should have functions regulating neuronal differentiation but not neural plate patterning. 
3.3.3.2 Truncation mutants of XETOR behave similarly to the wild type protein

All the members of ETO oncoprotein family have four conservative domains (Fig.3.4). Then it is interesting to investigate the functions of these domains for XETOR activity. A series of truncated mutants were made and tested how these mutants behave in primary neurogenesis. p13#trunc1 is composed of aa 1-496, with NHR4 truncated; p13#trunc2 is composed of aa 1-425, with NHR3 and 4 truncated; p13#trunc3 is composed of aa 216-425, with NHR1, 3 and 4 truncated; p13#trunc4 is composed of aa 216-586, with NHR1 truncated; while p13#trunc5 is composed of aa 364-586, with NHR1 and 2 truncated (Fig.3.15). mRNAs of these mutants were injected separately into again one blastomere of 2-cell stage embryos and N-tubulin expression was examined. Interestingly, overexpression of either of these mutants caused inhibition of N-tubulin expression, resulting in a phenotype similar to that by XETOR overexpression (data not shown). In all 25 embryos overexpressing p13#trunc1, expression of N-tubulin was inhibited; in 25 out of 29 embryos overexpressing p13#trunc2, N-tubulin expression was repressed; for p13#trunc4 and p13#trunc5 overexpression, N-tubulin expression was repressed in 26/26 and 30/36 embryos, respectively. The data demonstrate that the four mutants have effect on N-tubulin expression indistinguishable from the wild type protein. However, although overexpression of p13#trunc3 inhibits N-tubulin expression, too, it behaves not as efficiently as the other mutants and the wild type protein. In 29 embryos, only 14 showed the phenotype of inhibited N-tubulin expression (Fig.3.14E). Moreover, the inhibition effect in these affected embryos is also not as robust as in embryos overexpressing the wild type XETOR or other mutants, in which the N-tubulin expression was completely eradicated in most cases. The data suggest that either NHR1 and 2 together or NHR3 and 4 together are sufficient for functions in the regulation of primary neurogenesis.
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Fig. 3.14 Overexpression of XETOR or the truncation mutants inhibit the expression of N-tubulin, Xaml but not the expression of Xsox3. In embryos injected with XETOR (A, C and D) or the mutants (E), expression of N-tubulin or Xaml is dramatically inhibited. However, the expression of Xsox3 (red signal) is not inhibited in the injected side (D). (B) is a control in which only LacZ was injected, the expresion of N-tubulin is intact. In all the figures, mRNAs injected are shown in upper right and genes for which expression were detected are shown in lower left. The anterior of the embryos is up. The injected side is marked with X-gal staining, which reveals light blue, and also indicated with an asterisk. The same as in the following figures.
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Fig. 3.15 Schematic structures of XETOR and truncation mutants. The four Nervy Homologous Regions are shown in shadowed areas. aa, amino acid.

3.3.3.3 XETOR is required for primary neurogenesis
As it was observed that overexpression of XETOR and a series of truncated mutants exclusively inhibits the expression of the primary neuron markers N-tubulin and Xaml, it is logic to ask the question what would happen if the function of endogenous XETOR is inhibited. Therefore, the antisense morpholino oligo, a gradually popular approach to loss-of-function analysis (Heasman et al., 2000; Deardorf et al., 2001; Dibner et al., 2001; Tan et al., 2001; Zhao et al., 2001), was employed to antagonize the function of XETOR in vivo. 7-30 ng of antisense morpholino oligo against XETOR (MOXETOR) was injected together with LacZ into one blastomere at 2-cell stage and the embryos were analyzed with N-tubulin expression. It was observed that the lateral stripe

Fig.3.16 XETOR is prerequisite for primary neurogenesis. (A) Injection of the antisense morpholino oligo against XETOR (MOXETOR) results in an expansion of lateral stripe of N-tubulin expression. (B) Injection of a control oligo (ctrlMO) does not cause any significant change in N-tubulin expression. (C) Co-injection of MOXETOR and XETOR rescues the pheno-types caused by injection of XETOR or MOXETOR, suggesting MOXETOR speci-fically blocks the function of XETOR. (D) Blocking lateral inhibition by injecting X-Delta-1STU results in an increased density of neurons without change in the size of proneural domain. (E) When XETOR and lateral inhibition are both blocked by coinjection of MOXETOR and X-Delta-1STU, an increased density of primary neurons in a lateral stripe of significantly enlarged size is observed, showing a phenotype distinct from those in (A) and (D).

of N-tubulin expression domain expanded but the density of primary neurons looked similar to those in the control side (43/50 embryos, Fig.3.16A). A control morpholino oligo (ctrlMO) was also injected, however, no discernible influence was observed on N-tubulin expression in response to ctrlMO injection (22/26 embryos, Fig.3.16B). This indicates that injection of MOXETOR generated a neurogenic phenotype as the neurogenic domain expands. Further injections were made to see if the phenotype by XETOR overexpression could be rescued by MOXETOR, or vice versa. It proved to be the case because when XETOR was coinjected with MOXETOR, the expression of N-tubulin was neither inhibited nor increased appreciably (49/55 embryos, Fig.3.16C). These data indicate that the effect of the antisense morpholino oligo is able to abolish specifically the function of XETOR. Albeit inhibition of XETOR function results in an increase of neurogenic domain, the salt-and-pepper pattern of primary neuron in the domain seems to be resulted from the action of lateral inhibition. It was further examined, therefore, what would happen when XETOR is eradicated in the absence of lateral inhibition. As previously reported, when lateral inhibition alone was blocked by overexpressing X-Delta-1STU, a dominant-negative form of X-Delta-1, an increased density of neurons in the lateral stripe was observed as shown by increased N-tubulin expression, but the size of the stripe was largely unchanged (Chitnis et al., 1995; Chitnis and Kintner, 1996; Fig.3.16D). However, when MOXETOR and X-Delta-1STU were coinjected, an increased density of neurons was observed in an enlarged lateral stripe (55/59 embryos; Fig. 3.16E). This phenotype is in striking contrast not only with that generated by MOXETOR injection alone (Fig.3.16A) but also with that generated by X-Delta-1STU injection alone (Fig.3.16D). These data confirm that XETOR is required for primary neurogenesis. 

3.3.3.4 XETOR and lateral inhibition are negatively crossregulated

It has been demonstrated that XETOR overexpression generated a phenotype similar to that caused by activating lateral inhibition, the primary signaling pathway known so far for repressing neurogenesis. It is therefore important to ask whether the function of XETOR is orchestrated by lateral inhibition or whether there is a crosstalk between XETOR and lateral inhibition. First, it was observed that overexpression of XETOR repressed the expression of ligand gene X-Delta-1 (25/27 embryos; Fig.3.17A). When lateral inhibition was activated by overexpression of X-Notch-1ICD, which encodes the constitutively active form of X-Notch-1, expression of XETOR was inhibited (24/24 embryos; Fig.3.17B). XETOR expression was also tested in embryos in which the lateral inhibition signaling was blocked by overexpressing X-Delta-1STU. Similar to the neurogenic phenotype of increased density of neuron formation in the absence of lateral inhibition (Chitnis et al., 1995; Chitnis and Kintner, 1996; Fig.3.16D), it was noted that expression of XETOR increased significantly (35/35 embryos), too, when lateral inhibition signaling was blocked (Fig.3.17C). The data demonstrate that XETOR and lateral inhibition signaling are mutually inhibited. Second, as blocking of lateral inhibition signaling can increase the expression of both XETOR and N-tubulin, it was therefore examined whether XETOR still inhibits primary neuron formation in absence of lateral inhibition. It was proved to be the case because N-tubulin expression was repressed when XETOR was coinjected together with X-Delta-1STU, showing that X-Delta-1STU does not have any rescuing effect on the inhibition by XETOR (14/15 embryos; Fig.3.17D). These data suggest that XETOR is not a component of lateral inhibition signaling pathway but functions in independence of lateral inhibition. 


Fig.3.17 XETOR and lateral inhibition are mutually repressed and XETOR functions independent of lateral inhibition. (A) Over-expression of XETOR inhibits the expression of X-Delta-1. (B) XETOR expres-sion is in turn   inhibited by activated lateral inhibition via overexpression of dominant active form of X-Notch-1. (C) When lateral inhibition is blocked by overexpressing a dominant negative form of X-Delta-1, XETOR expression is also augmented. (D) When XETOR is co-overexpressed with X-Delta-1STU, it still represses the expression of N-tubulin, showing that blocking lateral inhibition does not rescue the inhibitory effect of XETOR. (E, F) Overexpressed XETOR does not affect the expression of ESR1 and XNAP. (G, H) XETOR knockout by morpholino oligo does not affect the expression of ESR1 and XNAP, either.

To gain further support for this idea, expression of two Notch downstream targets, ESR1 (Wettstein et al., 1997) and XNAP (Lahaye et al., 2002), were examined in response to XETOR overexpression. Both these genes are expressed during primary neurogenesis similarly to other genes involved in Notch signaling, such as X-Delta-1. Expression of these genes is positively regulated by Notch pathway. It was observed that, however, no changes occurred in the expression of ESR1 (40/42 embryos) and XNAP (29/29 embryos) in response to XETOR overexpression (Fig.3.17E, F). Moreover, intact expression of ESR1 (28/31 embryos) and XNAP (30/31 embryos) were likewise observed when endogenous XETOR activity was extirpated via MOXETOR injection (Fig.3.17G, H). All the evidence shows that XETOR is not a constituent of the Notch pathway, it works independently for the negative regulation of primary neurogenesis but not via the mediation of lateral inhibition signaling.

3.3.3.5 Crossregulation between the expression of XETOR and proneural genes

In order to know more details about the concrete function of XETOR during Xenopus primary neurogenesis, crossregulation between the expressions of XETOR and proneural genes were examined. Again mRNAs for XETOR or other proneural genes along with LacZ were injected into one blastomere at 2-cell  stage  and  the  other  left  as  internal  control, and  their  expressions  were 

Fig. 3.18 Crossregulation between the expression of XETOR and proneural genes. Overexpression of Xngnr-1 (A) or Xath3 (B) induces significant ectopic XETOR expression. In turn, overexpression of XETOR does not affect Xngnr-1   expression  (C), but inhibits Xath3 expression (D). XETOR expression is also activated or enhanced by overexpressed Xash-3 (E), or XNeuroD (H). Conversely, Overexpression of XETOR inhibits the expression of XMyT1 (G), but not Xash3 (F).

analyzed using whole mount in situ hybridization. It was observed that overexpression of both Xngnr-1 (32/32 embryos; Fig.3.18A) and Xath3 (25/25 embryos; Fig.3.18B) activated strong ectopic expression of XETOR. Conversely, overexpressed XETOR had no appreciable effects on the expression of Xngnr-1 (43/43 embryos; Fig.3.18C), but downregulated the expression of Xath-3 (20/22 embryos; Fig.3.18D). Overexpression of Xash-3, a neural determination gene, caused an enhancement of XETOR expression within its normal expression domains (36/40 embryos; Fig.3.18E), but no discernible change in Xash-3 expression was observed in response to XETOR overexpression (55/59 embryos, Fig.3.18F). It was further observed that expression of the zinc-finger protein gene XMyT1 was inhibited by XETOR overexpression (17/19 embryos; Fig.3.18G), while overexpressed XMyT1 did not affect XETOR expression (data not shown). XNeuroD, a gene expressed for terminal differentiation of neurons in later stage, was found to enhance XETOR expression, too (37/39 embryos; Fig.3.18H). 

3.3.3.6 XETOR overexpression inhibits the function of proneural genes except Xngnr-1
The crossregulation at transcriptional level between XETOR proneural genes gave rise to another question whether XETOR also regulates these genes post-transcriptionally. mRNA of XETOR was coinjected together with mRNA of either of the proneural genes XMyT1, Xash-3, Xath3 and XNeuroD, and N-tubulin expression was analyzed in injected embryos using whole mount in situ hybridization. XMyT1 is a gene with weak neuron inducing activity, overexpression of XMyT1 results in an increased density of neurons within N-tubulin expression domain (Fig.3.19A). It serves to confer insensitivity to lateral inhibition, and when overexpressed together with Xash-3, strong ectopic neuron formation is resulted (Bellefroid et al., 1996). While when XMyT1 was coinjected with XETOR, its neuron inducing activity was abolished (Fig.3.19B), showing a decreased expression of N-tubulin as compared to the control side (29/29 embryos). Further, it is revealed that overexpressed either Xath3 or XNeuroD causes strong ectopic neuron formation (Fig.3.19C, E), as reported formerly (Lee et al., 1995; Chitnis and Kintner, 1996; Perron et al., 1999). However, ectopic and even endogenous expression of N-tubulin was dramatically reduced or totally eradicated in embryos coinjected of XETOR with either Xath3 (23/23 embryos; Fig.3.19D) or XNeuroD (10/10 embryos; Fig.3.19F), forming a striking contrast to the control embryos. In the case of Xash-3, it enhances neuron formation when overexpressed in low doses while suppresses neuron formation when overexpressed in high doses due to activation of lateral inhibition. Nevertheless, it consistently induces neuron formation within proneural domains when lateral inhibition is blocked, as shown previously (Chitnis and Kintner, 1996; Fig.3.19J). Here it is shown that, in the absence of lateral inhibition, neuron-inducing activity of Xash-3 was blocked in embryos coinjected with Xash-3 and XETOR (7/8 embryos; Fig.3.19K). These data clearly show that XETOR inhibits not only the expression of these genes, but also their functions in vivo.

Fig. 3.19 Overexpression of XETOR inhibits the function of proneural genes, except Xngnr-1. (A) XMyT1 has a weak neuron-inducing activity, such an activity is inhibited in response to XETOR over-expression (B). When over-expressed alone, Xath3 (C) or XNeuroD (E) induces strong ectopic expression of N-tubulin; while in contrast, when XETOR is coinjected with them (D, F), not only the ectopic but also the endogenous expression of N-tubulin is inhibited. (G) Overexpressed Xngnr-1 induces strong ectopic expression of N-tubulin, and (H) such a proneural activity of Xngnr-1 is inhibited by activated X-Notch-1, in contrast overexpression of XETOR does not affect the proneural activity of Xngnr-1 (I). (J) When lateral inhibition is blocked, Xash-3 consistently induces ectopic neuron formation, while this induction is abrogated when coinjected with XETOR (K).

 It was previously reported that proneural genes have different sensitivity to lateral inhibition (Chitnis and Kintner, 1996). Lateral inhibition tends to repress the functions of genes that are expressed in earlier stages, for instance the neural determination genes Xngnr-1 and Xash-3. But it does not repress the functions of genes that are expressed in later stages, for instance the neural differentiation genes XNeuroD and Xebf3 (Pozzoli et al., 2001). As a result, co-overexpression of Xngnr-1 and X-Notch-1ICD will lead to the inhibition of ectopic neuron formation by Xngnr-1 (Ma et al., 1996; Fig.3.19H), while co-overexpression of XNeuroD and X-Notch-1ICD results in a phenotype similar to that by overexpressing XNeuroD alone (Chitnis and Kintner, 1996). These data set a groundwork for the idea of different sensitivity of proneural genes to lateral inhibition. Now that it has been shown that XETOR inhibits the function of XNeuroD and XMyT1, which escapes or helps to escape lateral inhibition, then it would be interesting to ask whether XETOR affects the function of earlier proneural genes, albeit it was known at least that overexpression of XETOR does not affect the expression of Xngnr-1. The findings will address the question whether proneural genes also have different sensitivity to the inhibitory effect of XETOR. As previously shown, overexpression of Xngnr-1 leads to strong ectopic expression of N-tubulin (Ma et al., 1996; Fig.3.19G). When Xngnr-1 was coinjected with XETOR, the ectopic formation of neurons by Xngnr-1 was not significantly affected (15/15 embryos; Fig.3.19I), showing that Xngnr-1 is not sensitive to the inhibition by XETOR at both transcriptional and post-transcriptional levels. Considering together that Xash-3 is not inhibited transcriptionally, either, these data suggest that proneural genes also have different sensitivity to XETOR inhibition, i.e., earlier genes are refractory while later ones are sensitive to the inhibitory function of XETOR.










