
Tesis doctoral presentada por Olga Tapia Martínez

para optar al Grado de Doctor por la Universidad de Cantabria

Santander, Julio 2009

Importancia de la metilación y sumoilación de la coilina 

y del factor de supervivencia de las motoneuronas 

en el ensamblaje del cuerpo nuclear de Cajal

UNIVERSIDAD DE CANTABRIA

Facultad de Medicina

Dpto. de Anatomía y Biología Celular



7. Bibliografía



Abraham, J., H.M. Earl, P.D. Pharoah, and C. Caldas. 2006. Pharmacogenetics of 

cancer chemotherapy. Biochim Biophys Acta. 1766:168-83.

Ahmad, Y., F.M. Boisvert, P. Gregor, A. Cobley, and A.I. Lamond. 2009. NOPdb: 

Nucleolar Proteome Database--2008 update. Nucleic Acids Res. 37:D181-4.

Alberts, D., A. Johnson, J. Lewis, M. Raff. 2008. Molecular biology of the cell. Ed. 

Garland Science, Taylor & Francis Group, New York. 

Alvarez, D., C.J. Chou, L. Latella, S.G. Zeitlin, S. Ku, P.L. Puri, P.B. Dervan, and J.M. 

Gottesfeld. 2006. A two-hit mechanism  for pre-mitotic arrest of cancer cell 

proliferation by a polyamide-alkylator conjugate. Cell Cycle. 5:1537-48.

Allison, S.J., and J. Milner. 2003. Loss of p53 has site-specific effects on histone H3 

modification, including serine 10 phosphorylation important for maintenance  of 

ploidy. Cancer Res. 63:6674-9.

Andersen, J.S., Y.W. Lam, A.K. Leung, S.E. Ong, C.E. Lyon, A.I. Lamond, and M. Mann. 

2005. Nucleolar proteome dynamics. Nature. 433:77-83.

Andrade, L.E., E.K. Chan, I. Raska, C.L. Peebles, G. Roos, and E.M. Tan. 1991. Human 

autoantibody to a novel protein of the nuclear coiled body: immunological 

characterization and cDNA cloning of p80-coilin. J Exp Med. 173:1407-19.

Avila M.A., E.R. García-Trevijano, S.C. Lu, F.J. Corrales and J.M. Mato. 2004. 

Methylthioadenosine. Int J Biochem Cell Biol. 36:2125-2130.

Baldwin, G.S., and P.R. Carnegie. 1971. Isolation and partial characterization of 

methylated arginines from the encephalitogenic basic protein of myelin. 

Biochem J. 123:69-74.

Baltrons, M.A., P. Pifarre, M.T. Berciano, M. Lafarga, and A. Garcia. 2008. LPS-induced 

down-regulation of NO-sensitive guanylyl cyclase in astrocytes occurs by 

proteasomal degradation in clastosomes. Mol Cell Neurosci. 37:494-506.

Bartel R.L. and R.T. Borchardt. 1984. Effects of adenosine  dialdehyde on S-

adenosylhomocysteine  hydrolase  and S-adenosylmethionine-dependent 

transmethylations in mouse L929 cells. Mol Pharmacol. 25:418-24.

Basu I., G. Codovano, I. Das, T.J. Belbin, C. Guha and V.L. Schramm. 2007. A 

transition state analog of 5´-methylthioadenosine phosphorylase induces 

apoptosis in head and neck cancers. J Biol Chem. 282:21477-21486.

Bibliografía

125



Batty, E., K. Jensen, and P. Freemont. 2009. PML nuclear bodies and their spatial 

relationships in the mammalian cell nucleus. Front Biosci. 14:1182-96.

Bedford, M.T., and S.G. Clarke. 2009. Protein arginine methylation in mammals: who, 

what, and why. Mol Cell. 33:1-13.

Berciano, M.T., N.T. Villagra, E. Pena, J. Navascues, I. Casafont, and M. Lafarga. 2002. 

Structural and functional compartmentalization of the cell nucleus in supraoptic 

neurons. Microsc Res Tech. 56:132-42.

Berciano, M.T., M. Novell, N.T. Villagra, I. Casafont, R. Bengoechea, J.F. Val-Bernal, 

and M. Lafarga. 2007. Cajal body number and nucleolar size correlate  with the 

cell body mass in human sensory ganglia neurons. J Struct Biol. 158:410-20.

Bernardi, R., and P.P. Pandolfi. 2007. Structure, dynamics and functions of 

promyelocytic leukaemia nuclear bodies. Nat Rev Mol Cell Biol. 8:1006-16.

Bisogna, M., J.E. Calvano, G.H. Ho, I. Orlow, C. Cordon-Cardo, P.I. Borgen, and K.J. 

Van Zee. 2001. Molecular analysis of the INK4A and INK4B gene  loci in human 

breast cancer cell lines and primary carcinomas. Cancer Genet Cytogenet. 

125:131-8.

Boisvert, F.M., J. Cote, M.C. Boulanger, P. Cleroux, F. Bachand, C. Autexier, and S. 

Richard. 2002. Symmetrical dimethylarginine methylation is  required for the 

localization of SMN in Cajal bodies and pre-mRNA splicing. J Cell Biol. 

159:957-69.

Boisvert, F.M., S. van Koningsbruggen, J. Navascues, and A.I. Lamond. 2007. The 

multifunctional nucleolus. Nat Rev Mol Cell Biol. 8:574-85.

Brahms, H., J. Raymackers, A. Union, F. de Keyser, L. Meheus, and R. Luhrmann. 

2000. The C-terminal RG dipeptide repeats of the spliceosomal Sm proteins D1 

and D3 contain symmetrical dimethylarginines, which form  a major B-cell 

epitope for anti-Sm autoantibodies. J Biol Chem. 275:17122-9.

Brahms, H., L. Meheus, V. de Brabandere, U. Fischer, and R. Luhrmann. 2001. 

Symmetrical dimethylation of arginine residues in spliceosomal Sm protein B/B' 

and the Sm-like protein LSm4, and their interaction with the SMN protein. Rna 

7:1531-42. 

Branscombe, T.L., A. Frankel, J.H. Lee, J.R. Cook, Z. Yang, S. Pestka, and S. Clarke. 

2001. PRMT5 (Janus kinase-binding protein 1) catalyzes the formation of 

symmetric dimethylarginine residues in proteins. J Biol Chem. 276:32971-6.

Bibliografía

126



Cajal, S.R. 1903. Un sencillo método de coloración selectiva del retículo 

protoplasmático y sus efectos en los diversos órganos nerviosos de vertebrados 

e invertebrados. Trab Lab Invst Biol. 2:129-221.

Cajal, S.R. 1909. Histologie  du système nerveus de l`homme et des vertèbrès. 

Maloine, Paris.

Cajal, S.R. 1910. El núcleo de las neuronas piramidales del cerebro humano y de 

algunos mamíferos. Trab Lab Invst Biol. 8:27-62.

Carissimi, C., L. Saieva, F. Gabanella, and L. Pellizzoni. 2006. Gemin8 is required for 

the architecture and function of the survival motor neuron complex. J Biol 

Chem. 281:37009-16.

Carmo-Fonseca, M., J. Ferreira, and A.I. Lamond. 1993. Assembly of snRNP-containing 

coiled bodies is regulated in interphase  and mitosis--evidence that the coiled 

body is a kinetic nuclear structure. J Cell Biol. 120:841-52.

Carmo-Fonseca, M., L. Mendes-Soares, and I. Campos. 2000. To be  or not to be in the 

nucleolus. Nat Cell Biol. 2:E107-12.

Carrozza, M.J., T. Kusch, J.L. Workman. 2003. Repairing nucleosomes during 

transcription. Nat Struct Biol. 10:879-880.

Carvalho, T., F. Almeida, A. Calapez, M. Lafarga, M.T. Berciano, and M. Carmo-

Fonseca. 1999. The spinal muscular atrophy disease  gene product, SMN: A link 

between snRNP biogenesis and the Cajal (coiled) body. J Cell Biol. 147:715-28.

Casafont, I., J. Navascues, E. Pena, M. Lafarga, and M.T. Berciano. 2006. Nuclear 

organization and dynamics of transcription sites in rat sensory ganglia  neurons 

detected by incorporation of 5'-fluorouridine into  nascent RNA. Neuroscience 

140:453-62.

Casafont, I., R. Bengoechea, J. Navascues, E. Pena, M.T. Berciano, and M. Lafarga. 

2007. The giant fibrillar center: a nucleolar structure enriched in upstream 

binding factor (UBF) that appears in transcriptionally more active sensory 

ganglia neurons. J Struct Biol. 159:451-61. 

Ceccattelli S., M.J. Villar, M. Goldstein, T. Hokfet. 1989. Expression of c-fos 

immunoreactivity in transmitter-characterized neurons after stress. Proc Natl 

Acad Sci USA. 86:9569-9573.

Bibliografía

127



Celeste, A., O. Fernandez-Capetillo, M.J. Kruhlak, D.R. Pilch, D.W. Staudt, A. Lee, R.F. 

Bonner, W.M. Bonner, and A. Nussenzweig. 2003. Histone H2AX 

phosphorylation is dispensable  for the initial recognition of DNA breaks. Nat 

Cell Biol. 5:675-9.

Cioce, M., and A.I. Lamond. 2005. Cajal bodies: a long history of discovery. Annu Rev 

Cell Dev Biol. 21:105-31.

Cioce M., S. Boulon, A.G. Matera and A.I. Lamond. 2006. UV-induced fragmentation of 

Cajal bodies. J Cell Biol. 6:401-13.

Chan, E.K., S. Takano, L.E. Andrade, J.C. Hamel, and A.G. Matera. 1994. Structure, 

expression and chromosomal localization of human p80-coilin gene. Nucleic 

Acids Res. 22:4462-4469.

Chen T., F.M. Boisvert, D.P. Bazett-Jones and S. Richard. 1999. A role for the GSG 

domain in localizing Sam68 to novel nuclear structures in cancer cell lines. Mol 

Biol Cell. 10:3015-33.

Chen Z.H., O.I. Olopade  and T.M. Savarese. Expression of methylthioadenosine 

phosphorylase cDNA in p16-, MTAP- malignant cells: restoration of 

methylthioadenosine phosphorylase-dependent salvage pathways and 

alterations of sensitivity to inhibitors of purine de novo synthesis. Mol 

Pharmacol. 52:903-11.

Ching, R.W., G. Dellaire, C.H. Eskiw, and D.P. Bazett-Jones. 2005. PML bodies: a 

meeting place for genomic loci? J Cell Sci. 118:847-54.

Costelloe, T., J. Fitzgerald, N.J. Murphy, A. Flaus, and N.F. Lowndes. 2006. Chromatin 

modulation and the DNA damage response. Exp Cell Res. 312:2677-86.

Côté, J., F.M. Boisvert, M.C. Boulanger, M.T. Bedford, S. Richards. 2003. Sam68 RNA 

binding protein is an in vivo substrate for protein arginine N-methyltransferase 

1. Mol Biol Cell. 14:274-87.

Cremer, T., M. Cremer, S. Dietzel, S. Muller, I. Solovei, and S. Fakan. 2001. 

Chromosome territories--a  functional nuclear landscape. Curr Opin Cell Biol. 

18:307-16.

Cremer, T., and C. Cremer. 2006a. Rise, fall and resurrection of chromosome 

territories: a historical perspective. Part I. The rise of chromosome territories. 

Eur J Histochem. 50:161-76.

Bibliografía

128



Cremer, T., and C. Cremer. 2006b. Rise, fall and resurrection of chromosome 

territories: a historical perspective. Part II. Fall and resurrection of 

chromosome territories during the 1950s to 1980s. Part III. Chromosome 

territories and the functional nuclear architecture: experiments and models 

from the 1990s to the present. Eur J Histochem. 50:223-72.

Darzacq, X., B.E. Jady, C. Verheggen, A.M. Kiss, E. Bertrand, and T. Kiss. 2002. Cajal 

body-specific small nuclear RNAs: a novel class of 2’-O-methylation and 

pseudouridylation guide RNAs. EMBO J. 21:2746-2756.

D'Angelo, M.A., M. Raices, S.H. Panowski, and M.W. Hetzer. 2009. Age-dependent 

deterioration of nuclear pore complexes causes a loss of nuclear integrity in 

postmitotic cells. Cell 136:284-95.

Dellaire, G., and D.P. Bazett-Jones. 2004. PML nuclear bodies: dynamic sensors of DNA 

damage and cellular stress. Bioessays. 26:963-77.

Desterro, J.M., L.P. Keegan, E. Jaffray, R.T. Hay, M.A. O'Connell, and M. Carmo-

Fonseca. 2005. SUMO-1 modification alters ADAR1 editing activity. Mol Biol 

Cell. 16:5115-26.

Dragon, F., J.E. Gallagher, P.A. Compagnone-Post, B.M. Mitchell, K.A. Porwancher, K.A. 

Wehner, S. Wormsley, R.E. Settlage, J. Shabanowitz, Y. Osheim, A.L. Beyer, D.F. 

Hunt, and S.J. Baserga. 2002. A large  nucleolar U3 ribonucleoprotein required 

for 18S ribosomal RNA biogenesis. Nature 417:967-970.

Emmott, E., and J.A. Hiscox. 2009. Nucleolar targeting: the hub of the matter. EMBO 

Rep. 10:231-8.

Fakan, S. 1994. Perichromatin fibrils are in situ forms of nascent transcripts. Trends 

Cell Biol. 4:86-90.

Federova, E., and D. Zink. 2008. Nuclear architecture and gene regulation. Biochim 

Biophys Acta. 1783:2174-2184.

Fernandez-Capetillo, O., A. Lee, M. Nussenzweig, and A. Nussenzweig. 2004. H2AX: 

the histone guardian of the genome. DNA Repair (Amst). 3:959-67.

Fernandez-Capetillo, O., and M. Murga. 2008. Why cells respond differently to  DNA 

damage: a chromatin perspective. Cell Cycle. 7:980-3.

Bibliografía

129



Fernandez, R., E. Pena, J. Navascues, I. Casafont, M. Lafarga, and M.T. Berciano. 

2002. cAMP-dependent reorganization of the Cajal bodies and splicing 

machinery in cultured Schwann cells. Glia 40:378-88.

Frey, M.R., and A.G. Matera. 1995. Coiled bodies contain U7 small nuclear RNA and 

associate with specific DNA sequences in interphase human cells. Proc Natl 

Acad Sci U S A. 92:5915-9

Friesen, W.J., A. Wyce, S. Paushkin, L. Abel, J. Rappsilber, M. Mann, and G. Dreyfuss. 

2002. A novel WD repeat protein component of the methylosome binds Sm 

proteins. J Biol Chem. 277:8243-8247.

Gall, J.G. 2000. Cajal bodies: the first 100 years. Annu Rev Cell Dev Biol. 16:273-300.

Gill, G. 2004. SUMO and ubiquitin in the nucleus: different functions, similar 

mechanisms? Genes Dev. 18:2046-59.

Girard, C., H. Neel, E. Bertrand, and R. Bordonne. 2006. Depletion of SMN by RNA 

interference in HeLa cells induces defects in Cajal body formation. Nucleic Acids 

Res. 34:2925-32.

Gotoh I., T. Uekita  and M. Seiki. 2007. Regulated nucleo-cytoplasmic shuttling of 

human aci-reductone  dioxygenase (hADI1) and its potential role in mRNA 

processing. Genes Cells. 12:105-17.

Grandi P., V. Rybin, J. Bassler, E. Petfalski, D. Strauss, M. Marzioch, T. Schäfer, B. 

Kuster, H. Tschochner, D. Tollervey, A.C. Gavin, E. Hurt. 2002. 90S pre-

ribosomes include  the 35S pre-rRNA, the  U3 snoRNP, and 40S subunit 

processing factors but predominantly lack 60S synthesis factors. Mol Cell 

10:105-15.

Grimmler, M., L. Bauer, M. Nousiainen, R. Korner, G. Meister, and U.Fischer. 2005. 

Phosphorylation regulates the activity of the  SMN complex during assembly of 

spliceosomal U snRNPs. EMBO Rep. 6:70-76.

Guerrero I., A. Pellicer, D.E. Burstein. 1988. Dissociation of c-Fos from ODC expresion 

and neuronal differentiation in a  PC12 subline  stably transfected with an 

inducible N-Ras oncogene. Biochem Biophi Res. 150:1185-1192

Guttinger, S., E. Laurell, and U. Kutay. 2009. Orchestrating nuclear envelope 

disassembly and reassembly during mitosis. Nat Rev Mol Cell Biol. 10:178-91.

Hajiolov, A.A. 1985. The nucleolus and ribosome biogenesis. Ed. Springer-Verlag, New 

York. 

Bibliografía

130



Hall, L.L., K.P. Smith, M. Byron, and J.B. Lawrence. 2006. Molecular anatomy of a 

speckle. Anat Rec A Discov Mol Cell Evol Biol. 288:664-75.

Hay, R.T. 2005. SUMO: a history of modification. Mol Cell. 18:1-12.

Hearst, S.M., A.S. Gilder, S.S. Negi, M.D. Davis, E.M. George, A.A. Whittom, C.G. 

Toyota, A. Husedzinovic, O.J. Gruss, and M.D. Hebert. 2009. Cajal-body 

formation correlates with differential coilin phosphorylation in primary and 

transformed cell lines. J Cell Sci. 122:1872-1881.

Hebert, M.D., and A.G. Matera. 2000. Self-association of coilin reveals a common 

theme in nuclear body localization. Mol Biol Cell. 11:4159-71.

Hebert, M.D., P.W. Szymczyk, K.B. Shpargel, and A.G. Matera. 2001. Coilin forms the 

bridge between Cajal bodies and SMN, the spinal muscular atrophy protein. 

Genes Dev. 15:2720-9.

Hebert, M.D., K.B. Shpargel, J.K. Ospina, K.E. Tucker, and A.G. Matera. 2002. Coilin 

methylation regulates nuclear body formation. Dev Cell. 3:329-37.

Hernandez-Verdun, D. 2006. The nucleolus: a model for the organization of nuclear 

functions. Histochem Cell Biol. 126:135-48.

Hozak, P., P.R. Cook, C. Schofer, W. Mosgoller, and F. Wachtler. 1994. Site  of 

transcription of ribosomal RNA and intranucleolar structure in HeLa cells. J Cell 

Sci. 107 ( Pt 2):639-48.

Huang N., S. Negi, A. Szebeni, M.O. Olson. 2005. Protein NPM3 interacts with the 

multifunctional nucleolar protein B23/nucleophosmin and inhibits ribosome 

biogenesis. J Biol Chem 280:5496-502.

Isaac, C., Y. Yang, and U.T. Meier. 1998. Nopp140 functions as a molecular link 

between the nucleolus and the coiled bodies. J Cell Biol. 142:319-29.

Jady, B.E., and T. Kiss. 2001. A small nucleolar guide RNA functions both in 2'-O-

ribose  methylation and pseudouridylation of the U5 spliceosomal RNA. Embo J. 

20:541-51.

Jady, B.E., X. Darzacq, K.E. Tucker, A.G. Matera, E. Bertrand, and T. Kiss. 2003. 

Modification of Sm small nuclear RNAs occurs in the  nucleoplasmic Cajal body 

following import from the cytoplasm. Embo J. 22:1878-88.

Johnson, E.S., and A.A. Gupta. 2001. An E3-like factor that promotes SUMO 

conjugation to the yeast septins. Cell. 106:735-44.

Bibliografía

131



Kahyo, T., T. Nishida, and H. Yasuda. 2001. Involvement of PIAS1 in the  sumoylation 

of tumor suppressor p53. Mol Cell. 8:713-8.

Kaiser, T.E., R.V. Intine, and M. Dundr. 2008. De novo formation of a subnuclear body. 

Science. 322:1713-7.

Kamakaka, R.T., and S. Biggins. 2005. Histone variants: deviants? Genes Dev. 

19:295-310.

Kastan, M.B., and D.S. Lim. 2000. The many substrates and functions of ATM. Nat Rev 

Mol Cell Biol. 1:179-86.

Kerscher O. 2007. SUMO junction-what´s your function?. New insights though SUMO-

interacting motifs. EMBO Rep. 8:550-5.

Kim, P.M., J.O. Korbel, and M.B. Gerstein. 2008. Positive selection at the protein 

network periphery: evaluation in terms of structural constraints and cellular 

context. Proc Natl Acad Sci USA 104:20274-20279.

Klingauf, M., D. Stanek, and K.M. Neugebauer. 2006. Enhancement of U4/U6 small 

nuclear ribonucleoprotein particle  association in Cajal bodies predicted by 

mathematical modeling. Mol Biol Cell. 17:4972-81.

Kolb, S.J., D.J. Battle, and G. Dreyfuss. 2007. Molecular functions of the SMN complex. 

J Child Neurol. 22:990-994.

Kourmouli, N., P. Jeppesen, S. Mahadevhaiah, P. Burgoyne, R. Wu, D.M. Gilbert, S. 

Bongiorni, G. Prantera, L. Fanti, S. Pimpinelli, W. Shi, R. Fundele, and P.B. 

Singh. 2004. Heterochromatin and tri-methylated lysine 20 of histone H4 in 

animals. J Cell Sci. 117:2491-501.

Lacal J.C., A. Cuadrado, J.E. Jones, R. Trotta, D.E. Burstein, T. Thomson, A. Pellicer. 

1990. Regulation of protein kinase  C activity in neuronal differentiation induced 

by the N-ras oncogene in PC12 cells. Mol Cell Biol. 10:2983-2990.

Lafarga, M., J.P. Hervas, M.C. Santa-Cruz, J. Villegas, and D. Crespo. 1983. The 

"accessory body" of Cajal in the neuronal nucleus. A light and electron 

microscopic approach. Anat Embryol (Berl). 166:19-30.

Lafarga, M., M.T. Berciano, J.P. Hervas, and J. Villegas. 1989. Nucleolar organization in 

granule cell neurons of the rat cerebellum. J Neurocytol. 18:19-26.

Lafarga, M., M.T. Berciano, L.M. Garcia-Segura, M.A. Andres, and M. Carmo-Fonseca. 

1998. Acute osmotic/stress stimuli induce a transient decrease of 

Bibliografía

132



transcriptional activity in the  neurosecretory neurons of supraoptic nuclei. J 

Neurocytol. 27:205-17.

Lafarga, M., M.T. Berciano, E. Pena, I. Mayo, J.G. Castano, D. Bohmann, J.P.Rodrigues, 

J.P. Tavanez, and M. Carmo-Fonseca. 2002. Clastosome: a subtype of nuclear 

body enriched in 19S and 20S proteasomes, ubiquitin, and protein substrates 

of proteasome. Mol Biol Cell. 13:2771-82.

Lafarga, M., I. Casafont, R. Bengoechea, O. Tapia, and M.T. Berciano. 2009. Cajal's 

contribution to the knowledge of the neuronal cell nucleus. Chromosoma. 

118:437-43.

Lamond, A.I., and M. Carmo-Fonseca. 1993. Localisation of splicing snRNPs in 

mammalian cells. Mol Biol Rep. 18:127-33.

Lamond, A.I., and W.C. Earnshaw. 1998. Structure and function in the nucleus. 

Science. 280:547-53.

Lamond, A.I., Spector, D.L. 2003. Nuclear speckles: a model for nuclear organelles. 

Nat Rev Mol Cell Biol. 4:605-612.

Lee, Y.H., and M.R. Stallcup. 2009. Minireview: protein arginine methylation of 

nonhistone proteins in transcriptional regulation. Mol Endocrinol. 23:425-33.

Lefebvre, S., L. Burglen, S. Reboullet, O. Clermont, P. Burlet, L. Viollet, B. Benichou, 

C. Cruaud, P. Millasseau, M. Zeviani, and et al. 1995. Identification and 

characterization of a  spinal muscular atrophy-determining gene. Cell 

80:155-165.

Lemm, I., C. Girard, A.N. Kuhn, N.J. Watkins, M. Schneider, R. Bordonne, and R. 

Luhrmann. 2006. Ongoing U snRNP biogenesis is required for the integrity of 

Cajal bodies. Mol Biol Cell 17:3221-3231.

Liu, J.L., Z. Wu, Z. Nizami, S. Deryusheva, T.K. Rajendra, K.J. Beumer, H. Gao, A.G. 

Matera, D. Carroll, and J.G. Gall. 2009. Coilin is essential for Cajal body 

organization in Drosophila melanogaster. Mol Biol Cell. 20:1661-70.

Liu, Q., and G. Dreyfuss. 1996. A novel nuclear structure containing the survival of 

motor neurons protein. Embo J. 15:3555-65.

Liu, B., S. Li, Y. Wang, L. Lu, Y.Li, and Y. Cai. 2007. Predicting the  protein SUMO 

modification sites based on properties sequential forward selection (PSFS). 

Biochem Biophys Res Commun 358:136-139.

Bibliografía

133



Lubin M. and A. Lubin. 2009. Selective ki l l ing of tumor deficient in 

methylthioadenosine phosphorylase: a novel strategy. PLoS ONE. 4:e5735.

Lyon, C.E., K. Bohmann, J. Sleeman, and A.I. Lamond. 1997. Inhibition of protein 

dephosphorylation results in the accumulation of splicing snRNPs and coiled 

bodies within the nucleolus. Exp Cell Res. 230:84-93.

Matera, A.G., and M.R. Frey. 1998. Coiled bodies and gems: Janus or gemini? Am J 

Hum Genet. 63:317-21.

Matera, A.G., and K.B. Shpargel. 2006. Pumping RNA: nuclear bodybuilding along the 

RNP pipeline. Curr Opin Cell Biol. 18:317-24.

Matera, A.G., R.M. Terns, and M.P. Terns. 2007. Non-coding RNAs: lessons from the 

small nuclear and small nucleolar RNAs. Nat Rev Mol Cell Biol. 8:209-20.

Matter N., P. Herrlich and H. König. 2002. Signal-dependent regulation of splicing via 

phosphorylation of Sam68. Nature 420:691-5.

McKeown, P.C., and P.J. Shaw. 2009. Chromatin: linking structure and function in the 

nucleolus. Chromosoma. 118:11-23.

McKinnon, P.C. 2004. ATM and ataxia telangiectasia. EMBO Rep 5:772-776

Meaburn, K.J., and T. Misteli. 2007. Cell biology: chromosome territories. Nature. 

445:379-781.

Melchior, F. 2000. SUMO--nonclassical ubiquitin. Annu Rev Cell Dev Biol. 16:591-626.

Misteli, T. 2005. Concepts in nuclear architecture. Bioessays 27:477-487.

Misteli, T. 2007. Beyond the sequence: cellular organization of genome function. Cell. 

128:787-800.

Misteli, T. 2008. Physiological importance  of RNA and protein mobility in the cell 

nucleus. Histochem Cell Biol. 129:5-11.

Mongelard, F., and P. Bouvet. 2007. Nucleolin: a multiFACeTed protein. Trends Cell 

Biol. 17:80-86.

Monneron, A., and W. Bernhard. 1969. Fine structural organization of the interphase 

nucleus in some mammalian cells. J Ultrastruct Res. 27:266-88.

Montanaro, L., D. Trere, and M. Derenzini. 2008. Nucleolus, ribosomes, and cancer. 

Am J Pathol. 173:301-10.

Bibliografía

134



Moore, M.J., and N.J. Proudfoot. 2009. Pre-mRNA processing reaches back  to 

transcription and ahead to translation. Cell. 136:688-700.

Moreno Díaz de la Espina, S., M.C. Risueño, F.J. Medina. 1982. Ultraestructural , 

cytochemical and autoradiographic characterization of coiled bodies in the plant 

cell nucleus. Biol Cell. 44:229-238. 

Morris, G.E. 2008. The Cajal body. Biochim Biophys Acta. 1783:2108-15.

Munshi, A., G. Shafi, N. Aliya, and A. Jyothy. 2009. Histone modifications dictate 

specific biological readouts. J Genet Genomics. 36:75-88.

Navascues, J., M.T. Berciano, K.E. Tucker, M. Lafarga, and A.G. Matera. 2004a. 

Targeting SMN to Cajal bodies and nuclear gems during neuritogenesis. In 

Chromosoma. Vol. 112. 398-409.

Navascues, J., I. Casafont, N.T. Villagra, M. Lafarga, and M.T. Berciano. 2004b. 

Reorganization of nuclear compartments of type A neurons of trigeminal 

ganglia in response to inflammatory injury of peripheral nerve endings. J 

Neurocytol. 33:393-405.

Navascues, J., R. Bengoechea, O. Tapia, J.P. Vaque, M. Lafarga, and M.T. Berciano. 

2007. Characterization of a new SUMO-1 nuclear body (SNB) enriched in 

pCREB, CBP, c-Jun in neuron-like UR61 cells. Chromosoma. 116:441-51.

Ochs, R.L., T.W. Stein, Jr., and E.M. Tan. 1994. Coiled bodies in the nucleolus of breast 

cancer cells. J Cell Sci. 107 ( Pt 2):385-99.

Ogg, S.C., and A.I. Lamond. 2002. Cajal bodies and coilin-moving towards function. J 

Cell Biol. 159:17-21.

Okuwaki, M. 2008. The structure and functions of NPM1⁄Nucleophsmin⁄B23, a 

multifunctional nucleolar acidic protein. J Biochem. 143:441-448.

Oskoui, M., and P. Kaufmann. 2008. Spinal muscular atrophy. Neurotherapeutics. 

5:499-506.

Play, S.L., and Chan-Palay. 1974. Cerebellar Cortex: cytology and organization. Ed. 

Springer-Verlag: New York.  

Parada, L.A., S. Sotiriou, and T. Misteli. 2004. Spatial genome organization. Exp Cell 

Res. 296:64-70.

Paull, T.T., E.P. Rogakou, V. Yamazaki, C.U. Kirchgessner, M. Gellert, and W.M. Bonner. 

2000. A critical role for histone H2AX in recruitment of repair factors to nuclear 

foci after DNA damage. Curr Biol. 10:886-95.

Bibliografía

135



Pederson, T. 1998. The plurifunctional nucleolus. Nucleic Acids Res. 26:3871-6.

Perderson T. and R.Y.L. Tsai. 2009. In search of nonribosomal nucleolar protein 

function and regulation. J Cell Biol. 184:771-776.

Pena, E., M.T. Berciano, R. Fernandez, P. Crespo, and M. Lafarga. 2000. Stress-induced 

activation of c-Jun N-terminal kinase in sensory ganglion neurons: 

accumulation in nuclear domains enriched in splicing factors and distribution in 

perichromatin fibrils. Exp Cell Res. 256:179-91.

Pena, E., M.T. Berciano, R. Fernandez, J.L. Ojeda, and M. Lafarga. 2001. Neuronal 

body size correlates with the number of nucleoli and Cajal bodies, and with the 

organization of the splicing machinery in rat trigeminal ganglion neurons. J 

Comp Neurol. 430:250-63.

Peterson, C.L., and M.A. Laniel. 2004. Histones and histone modifications. Curr Biol. 

14:R546-51.

Petri, S., M. Grimmler, S. Over, U. Fischer, and O.J. Gruss. 2007. Dephosphorylation of 

survival motor neurons (SMN) by PPM1G/PP2Cgamma governs Cajal body 

localization and stability of the SMN complex. J Cell Biol. 179:451-65.

Platini, C. 2002. [Hereditary persistence of alpha-fetoprotein: report of a case]. Rev 

Med Interne. 23:182-8.

Ploton, D., Thiry, M., Menager, M., Lepoint, A., Adnet, J.J., Goessens, G. 1987. 

Behaviour of nucleolus during mitosis. A comparative ultrastructural study of 

various cancerous cell lines using the Ag-NOR staining procedure. Chromosoma 

95:95-107.

Ploton, D., M.F. O´Donohue, T. Cheutin, A. Beorchia, H. Kaplan, M. Thiry. 2004. Three-

dimensional organization of rDNA and transcription. The Nucleolus 154-169. 

Edited by Olson MOJ. New York, Keuwr/Plenum.

Raska, I., R.L. Ochs, L.E. Andrade, E.K. Chan, R. Burlingame, C. Peebles, D. Gruol, 

and E.M. Tan. 1990. Association between the nucleolus and the coiled body. J 

Struct Biol. 104:120-7.

Raska, I., L.E. Andrade, R.L. Ochs, E.K. Chan, C.M. Chang, G. Roos, and E.M. Tan. 

1991. Immunological and ultrastructural studies of the nuclear coiled body with 

autoimmune antibodies. Exp Cell Res. 195:27-37.

Bibliografía

136



Raska, I., P.J. Shaw, and D. Cmarko. 2006. New insights into nucleolar architecture 

and activity. Int Rev Cytol. 255:177-235.

Renvoisé B., K. Khoobarry, M.C Gendron, C. Cibert, L. Viollet and S. Lefebvre. 2006. 

Distinct domains of the spinal muscular atrophy protein SMN are  required for 

targeting to Cajal bodies in mammalian cells. J Cell Sci. 119:680-92. 

Ren, Q., and M.A. Gorovsky. 2001. Histone H2A.Z acetylation modulates an essential 

charge patch. Mol Cell. 7:1329-35.

Risueño, M.C., F.J. Medina, and S. Moreno Diaz de la Espina. 1982. Nucleolar fibrillar 

centres in plant meristemic cells: ultrastructure, cytochemistry and 

autoradiography. J Cell Sci. 58:313-329.

Rogakou, E.P., D.R. Pilch, A.H. Orr, V.S. Ivanova, and W.M. Bonner. 1998. DNA double-

stranded breaks induce histone H2AX phosphorylation on serine  139. J Biol 

Chem. 273:5858-68.

Sachdev, S., L. Bruhn, H. Sieber, A. Pichler, F. Melchior, and R. Grosschedl. 2001. 

PIASy, a  nuclear matrix-associated SUMO E3 ligase, represses LEF1 activity by 

sequestration into nuclear bodies. Genes Dev. 15:3088-103.

Sampson, D.A., M. Wang, and M.J. Matunis. 2001. The small ubiquitin-like  modifier-1 

(SUMO-1) consensus sequence mediates Ubc9 binding and is essential for 

SUMO-1 modification. J Biol Chem. 276:21664-9.

Santama, N., C.G. Dotti, and A.I. Lamond. 1996. Neuronal differentiation in the rat 

hippocampus involves a stage-specific reorganization of subnuclear structure 

both in vivo and in vitro. Eur J Neurosci. 8:892-905.

Schneider, R., and R. Grosschedl. 2007. Dynamics and interplay of nuclear 

architecture, genome organization, and gene expression. Genes Dev. 

21:3027-43.

Shaw, D.J., P. Eggleton, and P.J. Young. 2008. Joining the dots: production, processing 

and targeting of U snRNP to nuclear bodies. Biochim Biophys Acta. 

1783:2137-2144.

Shilatifard, A. 2008. Molecular implementation and physiological roles for histone  H3 

lysine 4 (H3K4) methylation. Curr Opin Cell Biol. 20:341-348.

Shiloh, Y. 2003. ATM and related protein kinases: safeguarding genome integrity. Nat 

Rev Cancer. 3:155-68.

Bibliografía

137



Sirri, V., S. Urcuqui-Inchima, P. Roussel, and D. Hernandez-Verdun. 2008. Nucleolus: 

the fascinating nuclear body. Histochem Cell Biol. 129:13-31.

Sleeman, J., C.E. Lyon, M. Platani, J.P. Kreivi, and A.I. Lamond. 1998. Dynamic 

interactions between splicing snRNPs, coiled bodies and nucleoli revealed using 

snRNP protein fusions to the green fluorescent protein. Exp Cell Res. 

243:290-304.

Sleeman, J.E., L. Trinkle-Mulcahy, A.R. Prescott, S.C. Ogg and A.I. Lamond. 2003. 

Cajal body proteins SMN and Coilin show differential dynamic behaviour in vivo. 

J Cell Sci. 116: 2039-2050.

Smetana, K., F. Gyorkey, P. Gyorkey and H. Busch 1970. Comparative studies on the 

ultrastructure of nucleoli in human lymphosarcoma cells and leukemic 

lymphocytes. Cancer Res. 30:1149-1155.

Sogo, J.M., P.J. Ness, R.M. Widmer, R.W. Parish, and T. Koller. 1984. Psoralen-

crosslinking of DNA as a probe for the structure of active nucleolar chromatin. J 

Mol Biol. 178:897-919.

Soule, H.D., J. Vazguez, A. Long, S. Albert, and M. Brennan. 1973. A human cell line 

from a pleural effusion derived from a breast carcinoma. J Natl Cancer Inst. 

51:1409-16.

Soutoglou E., and T. Misteli. Mobility and immobility of chromatin in transcription and 

genome stability. Curr Opin Genet Dev. 17:435-442.

Spector, D.L. 2001. Nuclear domains. J Cell Sci. 114:2891-3.

Stanek, D., J. Pridalova-Hnilicova, I. Novotny, M. Huranova, M. Blazikova, X. Wen, A.K. 

Sapra, K.M. Neugebauer. 2008. Spliceosomal small nuclear ribonucleoprotein 

particles repeatedly cycle through Cajal bodies. Mol Biol Cell 19:2534-2543.

Stark, L.A., and M. Taliansky. 2009. Old and new faces of the nucleolus. Workshop on 

the Nucleolus and Disease. EMBO Rep. 10:35-40.

Sun, J., H. Xu, S.H. Subramony, and M.D. Hebert. 2005. Interactions between coilin 

and PIASy partially link Cajal bodies to PML bodies. J Cell Sci. 118:4995-5003.

Sweet, T., W. Yen, K. Khalili, and S. Amini. 2008. Evidence for involvement of NFBP in 

processing of ribosomal RNA. J Cell Physiol. 214:381-8.

Bibliografía

138



Tang, B., Y.N. Li, and W.D. Kruger. 2000. Defects in methylthioadenosine 

phosphorylase are associated with but not responsible  for methionine-

dependent tumor cell growth. Cancer Res. 60:5543-7.

Torok, D., R.W. Ching, and D.P. Bazett-Jones. 2009. PML nuclear bodies as sites of 

epigenetic regulation. Front Biosci. 14:1325-36.

Tremblay, M., M. Toussaint, A. D'Amours, and A. Conconi. 2009. Nucleotide excision 

repair and photolyase repair of UV photoproducts in nucleosomes: assessing 

the existence of nucleosome and non-nucleosome rDNA chromatin in vivo. 

Biochem Cell Biol. 87:337-46.

Tucker, K.E., M.T. Berciano, E.Y. Jacobs, D.F. LePage, K.B. Shpargel, J.J. Rossire, E.K. 

Chan, M. Lafarga, R.A. Conlon, and A.G. Matera. 2001. Residual Cajal bodies in 

coilin knockout mice fail to recruit Sm snRNPs and SMN, the spinal muscular 

atrophy gene product. J Cell Biol. 154:293-307.

Ulrich H.D. 2005. SUMO modification: wrestling with protein conformation. Curr Biol. 

15:R257-9. 

Ulrich H.D. 2008. The fast-growing business of SUMO chains. Mol Cell. 32:301-5. 

Ulrich H.D. 2009. The SUMO system: an overview.Methods Mol Biol. 497:3-16. 

van Attikum, H., and S.M. Gasser. 2005. The histone code at DNA breaks: a guide to 

repair? Nat Rev Mol Cell Biol. 6:757-765.

Vandelaer M., M. Thiry and G. Goessens. 1996. Isolation of nucleoli from ELT cells: a 

quick  new method that preserves morphological integrity and high 

transcriptional activity. Exp Cell Res. 228:125-31.

Villagra, N.T., J. Berciano, M. Altable, J. Navascues, I. Casafont, M. Lafarga, and M.T. 

Berciano. 2004. PML bodies in reactive sensory ganglion neurons of the 

Guillain-Barre syndrome. Neurobiol Dis. 16:158-68.

Villagra, N.T., R. Bengoechea, J.P. Vaque, J. Llorca, M.T. Berciano, and M. Lafarga. 

2008. Nuclear compartmentalization and dynamics of the poly(A)-binding 

protein nuclear 1 (PABPN1) inclusions in supraoptic neurons under physiological 

and osmotic stress conditions. Mol Cell Neurosci. 37:622-33. 

Wahl, M.C., C.L. Will, and R. Luhrmann. 2009. The spliceosome: design principles of a 

dynamic RNP machine. Cell. 136:701-18.

Bibliografía

139



Wan, L., D.J. Battle, J. Yong, A.K. Gubitz, S.J. Kolb, J. Wang, and G. Dreyfuss. 2005. 

The survival of motor neurons protein determines the capacity for snRNP 

assembly: biochemical deficiency in spinal muscular atrophy. Mol Cell Biol. 

25:5543-51.

Walsh, C.T. 2006. Posttranslational modification of proteins. Ed. Roberts and Company 

Publishers, Colorado, USA.

Whittom, A.A., H. Xu, and M.D. Hebert. 2008. Coilin levels and modifications influence 

artificial reporter splicing. Cell Mol Life Sci. 65:1256-71.

Williams-Ashman, H.G., J. Seidenfeld, and P. Galletti. 1982. Trends in the biochemical 

pharmacology of 5'-deoxy-5'-methylthioadenosine. Biochem Pharmacol. 

31:277-88.

Windecker H. and H.D. Ulrich. 2008. Architecture and assembly of poly-SUMO chains 

on PCNA in Saccharomyces cerevisiae. J Mol Biol. 376:221-31. 

Xu, H., R.S. Pillai, T.N. Azzouz, K.B. Shpargel, C. Kambach, M.D. Hebert, D. 

Schumperli, and A.G. Matera. 2005. The C-terminal domain of coilin interacts 

with Sm proteins and U snRNPs. Chromosoma. 114:155-66.

Yun, C., Y. Wang, D. Mukhopadhyay, P. Backlund, N. Kolli, A. Yergey, K.D. Wilkinson, 

and M. Dasso. 2008. Nucleolar protein B23⁄nucleophosmin regulates the 

vertebrate SUMO pathway through SENP3 and SENP5 proteases. J Cell Biol. 

183:589-595.

Yung, B.Y. 2007. Oncogenic role  of nucleophosmin⁄B23. Chang Gung Med J. 

30:285-293.

Zhong S., P. Salomoni and P.P. Pandolfi. 2000. The transcriptional role of PML and the 

nuclear body. Nat Cell Biol. 2:E85-90. 

Bibliografía

140


	PORTADA

	7. Bibliografía



