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6.1 Project execution

Summary
The central objective of the project was the investigation of the connection between the dynamics of assembly and the spatial distribution of different complexes involved in RNA polymerase-II transcription in the nucleus of living cells. To obtain a comprehensive view of the transcription mechanism our focus was on the most important multisubunit transcription complexes. We have studying their biochemical characteristics, gene specificity and cellular dynamics using model genes activated during cell differentiation, cell proliferation and signal transduction. To this end a multilateral course of action was planned, which involved fluorescence imaging applications together with genetic, proteomic and biochemical approaches.
During the first year the network has produced and quality assessed a large number of research tools (antibodies, epitope-tagged expression vectors). Several novel algorithms and statistical methods for the evaluation of FRET and FRAP experimental results have been developed. Drosophila and yeast strains with mutations on specific subunits of transcription complexes have been developed and used in assessing the functional roles of the individual proteins in the process of transcription. In addition new improved chromatin immunoprecipitation protocols have been developed and used for the initial analyses of transcription factor recruitment and nucleosome modifications.

In the second year we have identified new components of the general transcription machinery and developed a further set of antibodies and epitope-tagged vectors for the newly identified ones. More sophisticated algorithms and statistical methods for FRAP, and novel mouse and drosophila genetic models have been developed. Most importantly however, by using the tools, which were developed in the first and second year, in specific scientific research activities, a number of important discoveries were made related to chromatin function and mechanism of transcription regulation. We have established an initial fairly complete map of in situ interactions between the components of the basic transcription factor machinery and obtained a large number of information about the molecular events involved in the mechanism of transcriptional regulation of several model genes. In addition, several novel posttranslational modifications of GTFs have been discovered, and studies on their biological role have been initiated. In the second year and onward there was a much more intense collaboration between the participants, which was fostered by the fact that we entered into the application stage of most of new technologies developed in the first year.

During the third year of the program the consortiums’ efforts were concentrated mainly on the in vivo functioning of general transcription factor complexes. Most of the activities were natural continuations of previous years work aimed at the completion of the program deliverables. FRET based techniques were used to characterize the newly identified TAF pairs within the TFIID complex and to complement the previous years results. We now have a complete interaction map of the components of the general transcription machinery, validated by several independent approaches. The building up of a detailed interaction map was a major and most challenging goal of the consortium 3 years ago. We have not only succeeded in this task, but also obtained several important results proving the functional importance of most of the identified interactions. In situ imaging technologies were used to evaluate the topology of genes in nuclear territories. These studies revealed a clear correlation between gene activity and relocation of genes in specific nuclear regions. Together with the other in situ imaging results the above findings suggest an additional layer of regulation of gene expression. Of particular interest are the results obtained from genome-wide ChIP on ChIP studies. RNA pol-II and TBP were found together more often on promoters of highly expressed genes. These studies have also shed light into a novel function of NC2, playing role in the commitment of the promoters for transcription. Our work also led to the discovery of distinct complexes with different TAF subunit composition and the presence of distinct CNOT subcomplexes. We have indications that except their role in cell proliferation, TAFs could also be involved in apoptotic events. Apoptosis and proliferation are key-processes in cell homeostasis and cancer and it is known that apoptotic and proliferative extracellular signals can utilize the same pathways to fulfill their opposite action. In this respect our finding of the regulated shuttling of TAFs between the cytoplasm and nucleus in response to Ras signaling pathway, provides an important mechanistic evidence. The scenario of the TAFs, through modifying the activity of the complexes they belong, being involved in this cell decision is an intriguing finding. Finally, our work led to the significant improvement, standardization, quality assessment of chromatin immunoprecipitation technologies and algorithms.

Overall the activities led to the successful completion of all the planned deliverables of the program. We have established the roles of the dynamic association of RNA polymerase-II with general transcription factor complexes within the nucleus, the trafficking of the components between nuclear structures, the forces governing complex-complex interactions and the pacemaker of their intrinsic dynamics at the DNA-protein surfaces. We have now a clearly more comprehensive view of the processes regulating gene expression. Our efforts provided novel critical insights into the process by the discovery of novel functions of a diverse array of factors and sophisticated processes that control the activation of genes in a spatially and temporally regulated manner. These include multiple levels of regulatory pathways operating in living cells that determine whether a gene is turned on or off in a given cell at a given time. 

The success of the program is also demonstrated by the large number of publications. During the entire period of the program the consortium has published 6 joint and 76 individual scientific papers in peer-reviewed journals. Besides of scientific publications the results were also disseminated in several scientific conferences, workshops, seminar series and the Network’s web site:

 http://www.imbb.forth.gr/people/talianidis/strep.htm
Objectives
General objectives:

Overall the network aims to contribute to better understanding of 
-
the in situ dynamics of the RNA polymerase-II machinery. 

-
the molecular mechanism of transcription regulation that leads to pathway-specific gene expression programs.
The studies of the network are focused on TFIID, TFTC, B-TFIID, CCR4-NOT, NC2 and Mediator complexes.
Specific objectives:
1. 
Analysis of the spatial distribution of the different complexes in the nucleus.
Colocalization studies by indirect immunofluorescence assays in vivo.
In situ protein-protein interaction studies by FRET (Fluorescence Resonance Energy Transfer).
2. 
Analysis of the subnuclear distribution of the components of complexes in relation to known nuclear structures under different conditions.

3.
Biochemical analysis using Chromatin immunoprecipitation (Chip) assays of the time course of assembly of complexes on model genes induced during cell differentiation, cell proliferation and signal transduction.

4.
In situ analysis by FLIP (Fluorescence Loss In Photobleaching) and FRAP (Fluorescence Recovery After Photobleaching) of the time course of assembly of complexes on a model gene and its relationship with transcription initiation.

5.
Analysis of the dynamic redistribution of genes between nuclear territories corresponding to euchromatin and heterochromatin during gene activation/ repression.

6.
Analysis of posttranslatonal modifications of the components of complexes and their role in subnuclear targeting.

7.
Genetic and proteomic analysis in yeast, drosophila and mice, and cross-species comparisons of the individual complex components.
The networks objectives also include the development of new technologies and research tools:
Experimental systems (e.g. engineered cell lines) for in situ visualization of protein complex assemblies.

Applications (FRET, FLIP, FRAP) for in situ detection of transcription factor complex dynamics.

Novel algorithms for fluorescence imaging data evaluation.

Improved chromatin immunoprecipitation (ChIP) technologies.

Yeast, drosophila, human cell culture and mouse models for studying transcription complexes.

Bank of antibodies against the individual components of transcription regulatory complexes.

Library of epitope-tagged versions of components of the RNA polymerase-II machinery.

Major achievements

Research tools, technology development

1. Generation of a tested collection of an essentially complete set of antibodies raised against the individual components of the general transcription factor complexes.

2.  Generation of a library of epitope-tagged expression vectors for transcription factors and components of the general transcription machinery.

3. Generation of a large number of cell lines expressing epitope-tagged factors and several mutant yeast and drosophila strains.

4. Establishment of inducible in vivo system for the dissection of Mediator, CCR-NOT, TFIID, TFTC and NC2 transcription complex assembly.

5. Establishment of experimental protocols for FRET and FRAP analysis of transcription complexes in vivo, using CFP and YFP fluorescence.

6. Building-up a theoretical framework using novel algorithms that allows the description of the transport of the proteins in living cells. Highly improved algorithms and theoretical models for FRAP analysis.

7. Experimental validation of algorithms and theoretical models for FRAP analysis.
8. Development of novel quantitative imaging approaches and intravital microscopy approaches with increased sensitivity.

9. Experimental validation and standardization of novel quantitative imaging approaches and intravital microscopy approaches with increased sensitivity.

10. New chromatin immunoprecipitation protocols allowing factor recruitment  analysis at nucleosome resolution. 

11. Standardization of in vivo biotinylation tag technology on target gene identification.

12. Generation of mice containing floxed alleles of TAF 10 for tissue-specific inactivation of TFIID.

13. Engineered cell lines lacking, or overexpressing individual TAFs.

14. siRNA-mediated silencing systems for several components of GTF complexes.

Scientific knowledge

1. Discovery and identification of SPT7L as a bona fide subunit of TFTC.

2. Deciphering the role of the histone-fold domains of TAFs in the in situ dynamics of TFIID assembly.

3. Identification of Ataxin 7 as a component of TFTC.

4. Discovery and functional characterization of TAF10 methylation by Set9.

5. Characterization of PML bodies as subnuclear territories for the accumulation and   storage of sumoylated transcription factors.

6. New knowledge on the dynamics of histone modifications and chromatin associated factors in active genes during cell cycle progression and drosophila embryogenesis.

7. Deciphering the functions of ADA2a and ADA2b containing complexes during drosophila development.

8. Discovery of HP-1 association with E2F target genes in differentiating myotubes and with MyoD target genes in proliferating myoblasts and its implication in transient, or permanent gene silencing.

9. Identification of the dynamic relocation of E2F target genes between euchromatic and heterochromatic territories of the nucleus in differentiating myoblasts.

10. Characterization of the TCRb locus and the dynamic assembly of transcription complexes during activation.

11. Biochemical dissection of Mediator complex components and characterization of their roles in transcription activation.

12. Affinity purification of CCR-NOT complexes and analysis with mass spectrometry.

13. Identification of NC2 complex as interaction partner of B-TAF1.

14. Identification of genetic and biochemical interactions between MOT1/SAGA and TAF1/SAGA complexes.

15. Discovery of altered gene expression of TAFs during Ras signaling.

16. Deciphering the in vivo dynamics of factor recruitment on c-Fos gene. 

17. Identification of novel subunits of general transcription factor complexes.

18. Establishment of a complete map of in situ interactions between the components of the different GTF complexes (TFIID, TFTC, CCR-NOT, Mediator).

19. Description of the regulation of TFIID, BTAF1 and CCR-NOT complexes via trafficking between intracellular compartments.

20. Establishment of genetic interaction map of Mediator, CCR-NOT, TFIID TFTC and Ada-containing complexes.

21. Discovery that Suv39h is part of a multicomponent complex and identification of all of its components. 

22. Functional characterization of Su(var)39 multicomponent complex.

23. Description of a complete cross-regulatory interaction map between 9 main hepatic regulators in different stages of liver development.

24. Identification of functional interactions between MyoD and members of the HP1 family.

25. Development of a high resolution chromatin modification map of the mouse TCRb locus.

26. Determination of the dynamics of in vivo transcription complex assembly on Ras target genes.

27. Identification of novel posttranslational modifications (acetylation, methylation, phosphorylation and sumoylation) of several components of the transcription machinery.

28. Description of detailed gene expression profiles in mouse genetic models lacking TAF10 and assembled TFIID.

29. Identification of crosstalks between transcription and RNA processing factors.

30. Genome-wide identification of NC2 and TFIID targeted genes.

31. Description of regulatory events that link gene activation with subnuclear topology.

32. Description of 3D configuration of regulatory regions within the nucleus in relation with gene activity.

33. Discovery of novel enzymatic activities (ubiquitin ligase) of the TAF3 subunit of TFIID and TFTC complex.

Contractors involved
	Role
	No.
	Name
	Institution
	Country

	Coordinator
	1
	Iannis Talianidis
	IMBB-FORTH
	Greece

	Contractor
	1b
	Jorge Ripoll
	IESL-FORTH
	Greece

	Contractor
	2
	Imre Boros
	USZE
	Hungary

	Contractor
	3
	Annick Harel-Bellan
	CNRS
	France

	Contractor
	4
	Michael Meisterernst
	GSF
	Germany

	Contractor
	5
	Alexander Pintzas
	NHRF
	Greece

	Contractor
	6
	Mark Timmers
	UMC
	Netherlands

	Contractor
	7
	Laszlo Tora
	CERBM
	France


6.2 Disseminating the knowledge

1. Exploitable knowledge and its use

Except of the Licence Agreement indicated in the Table below, all the new knowledge produced by the Network has been published in scientific journals. The Network participants therefore made the new knowledge publicly available and do not intend to further exploit the results in commercial way.

	Exploitable Knowledge (description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	New tagging method for yeast
	DNA vectors
	1. Biomedical research
	2007
	License agreement


	Timmers/UMCU (license holder)

Diagenode SA, Belgium

(licensee)


2. Dissemination of knowledge

	Planned/actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	2005-2006
	Press release

(national newspaper)
	General public
	Netherlands

Greece
	
	Timmers

Talianidis

	2004-2007
	Conferences (41)
	Research 
	World
	50-300/

confe-

rence
	All

	2004-2007
	Publications (82)
	Research
	World
	
	All

	2004-2007
	Project web-site
	Research+General public
	World
	
	Talianidis


Two articles/interviews have been published in greek and dutch popular press. During the entire period of the program the consortium has published 6 joint and 76 individual scientific papers in peer-reviewed journals. Besides of scientific publications the results were also disseminated in several scientific conferences, workshops, seminar series. The data of conferences are indicated in the interim reports. Further dissemination was achieved through the Network’s web site:

 http://www.imbb.forth.gr/people/talianidis/strep.htm
Publications
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C. Carré C., A. Ciurciu, O. Komonyi, C. Jacquier, D. Fagegaltier, J. Pidoux, H. Tricoire, L. Tora, I. Boros, C. Antoniewski. (2007) The NURF remodeling complex and the ATAC histone acetylase complex cooperate in the maintenance of high order chromosome structure. submitted
Voulgari, A., Voskou, S., Tora, L., Davidson, I. and Pintzas, A. (2007). TAF12 is important for Ras-induced transformation properties of colorectal cancer cells. submitted
Individual publications: 

Guasconi V, Ait-Si-Ali S. (2004) Chromatin dynamics and cancer. Cancer Biol Ther. 3:825-30.

G. Sebastiaan Winkler, Thomas K. Albert, Cyril Dominguez, Yvonne I.A. Legtenberg, Rolf Boelens and H.Th.Marc Timmers (2004) An Altered-Specificity Ubiquitin-Conjugating Enzyme/Ubiquitin-Protein Ligase Pair. J. Mol. Biol. 337, 157-165.

Cyril Dominguez, Alexandre M.J.J. Bonvin, G. Sebastiaan Winker, Frederik M.A. van Schaik, H.Th.Marc Timmers and Rolf Boelens (2004) Specificity of ubiquitination enzymes revealed by combining NMR and docking approaches. Structure 12, 633-644.

Carin G.M. Zwartjes, Sandrine Jayne, Debbie L.C. van den Berg and H.Th.Marc Timmers (2004). Repression of promoter activity by CNOT2, a subunit of the transcription regulatory Ccr4-Not complex. J. Biol. Chem. 279, 10848-10854. 

Lloyd A. Pereira, Marcin P. Klejman, Christine Ruhlmann, Francois Kavelaars, Mustapha Oulad-Abdelghani, H.Th.Marc Timmers and Patrick Schultz (2004) Molecular architecture of the basal transcription factor B-TFIID. J. Biol. Chem. 279: 21802-21807.

Martine A. Collart and H.Th.Marc Timmers (2004).The eukaryotic Ccr4-Not complex: a regulatory platform integrating mRNA metabolism with cellular signalling pathways? Prog. Nucleic Acid Res. Mol. Biol. 77, 289-322.

Klaartje Houben, Cyril Dominguez, Frederik M.A. van Schaik, H.Th.Marc Timmers, Alexandre M.J.J. Bonvin, Rolf Boelens (2004) Solution structure of the ubiquitin-conjugating enzyme UbcH5B. J. Mol. Biol. 344, 513-526.
Fukuda A, Nakadai T, Shimada M, Tsukui T, Matsumoto M, Nogi Y, Meisterernst M, Hisatake K. (2004) Transcriptional coactivator PC4 stimulates promoter escape and facilitates transcriptional synergy by GAL4-VP16. Mol Cell Biol. 24, 6525-35.

Leurent C, Sanders SL, Demény MA, Garbett KA, Ruhlmann C, Weil PA, Tora L, and Schultz P. (2004) Mapping key functional sites within yeast TFIID. EMBO J.  23, 719-727.

Bartfai R, Balduf C, Hilton T, Rathmann Y, Hadzhiev Y, Tora L*, Orban L,* and Müller F.* (2004) TBP2, a vertebrate-specific member of the TBP family is required in embryonic development of zebrafish. Current Biology, 14, 593-598

Helmlinger D, Hardy S, Sasorith S, Klein F, Robert F, Weber C, Miguet L, Potier N, Van-Dorsselaer A, Wurtz JM, Mandel JL, Tora L, Devys D. (2004) Ataxin-7 is a subunit of GCN5 histone acetyltransferase-containing complexes.Hum Mol Genet. 12, 1257-1265.

Kouskouti A, Talianidis I. (2005) Histone modifications defining active genes persist after transcriptional and mitotic inactivation. EMBO J. 24, 347-357.
Blazek E, Mittler G, Meisterernst M. (2005) The mediator of RNA polymerase II.

Chromosoma. 113,399-408. 

Gilfillan S, Stelzer G, Piaia E, Hofmann MG, Meisterernst M. (2005) Efficient binding of NC2.TATA-binding protein to DNA in the absence of TATA. J Biol Chem. 280, 6222-30. 

Szutorisz H., Canzonetta C.,Georgiou A., Chow C.-M., Tora L. and Dillon N. (2005) Formation of an active tissue-specific chromatin domain initiated by epigenetic marking at the embryonic stem cell stage. Mol. Cell. Biol., 25, 1804-1820

Soutoglou E., Demény M.A, Scheer E., Fienga G., Sassone-Corsi P. and Tora L. (2005) The nuclear import of TAF10 is regulated by one of its three histone fold domain containing interaction partners. Mol. Cell. Biol., 25, 4092-4104
Papai, G., Komonyi, O., Tóth, Zs., Pankotai, T., Muratoglu, S., Udvardy, A., Boros, I., (2005) Intimate relationship between the genes of two transcriptional coactivators, ADA2a and PIMT, of Drosophila. Gene 348:13-23
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