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Monday, 20th June  

14:00 LUNCH 

15:30   RNA Life II: Presentation and current status. José E. Pérez 

 

SESSION 1 (Chairwoman Olga Calvo) 

15:40-16:15 Araceli González-Jiménez (lab Olga Clavo) 

Phosphorylation of Rpb4 as a new mechanism to regulate gene expression 

 16:20-16:40 Franciscoo Navarro 

Rpb4-RNA polymerase II association depends on CTD Ser5P phosphatase 
Rtr1 and influences mRNA decay in Saccharomyces cerevisiae 

16:40-17:00 José E. Pérez-Ortín 

The transcription factor Sfp1 imprints specific classes of mRNAs and links 
their synthesis and cytoplasmic decay 

17:00-17:20 José García-Martínez 

Nucleo-cytoplasmic shuttling of RNA binding factors controls global mRNA 
buffering and contributes to specific gene regulation 

 

17:30-18:15 COFFEE BREAK 

 

SESSION 2 (Chairman Julio Salinas)  

18:15-18:55 Maite Martínez-Pastor 

New roles of the yeast mRNA-binding protein Cth2 during the response to iron 
deficiency 
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19:00-19:20 Ema Olate (Lab J Salinas) 

Different roles for Arabidopsis PAT1 factors in controlling mRNA decay and 
gene expression 

19:20-19:40 Eduardo Tranque (Lab J Salinas) 

The Arabidopsis U6 snRNP assembly factor UBL1 confers specificity to the 
spliceosome activity in response to low temperature 

21:00 DINNER 

 

Tuesday, 21st June  

9:00 BREAKFAST 

SESSION 3 (Chairman Paco Navarro)  

9:45-10:05 M. Cruz Muñoz-Centeno 

RNA homeostasis in yeast: impact of cellular volume and replicative age on 
proliferative heterogeneity 

 10:05-10:25 Alberto Elías-Villalobos  

Elucidating the non-canonical role of the canonical prefoldin complex during 
transcription elongation  

10:30-10:50 Susana Rodríguez-Navarro 

The specific contribution of SAGA, but not SLIK in coupling mRNA export and 
transcription supports their different roles in gene expression 

10:50-11:10 Ana Tejada-Colón 

Study of the relevance of Tif4631p structural elements in stress granules 
formation 

 

11:15-11:45 COFFEE BREAK 
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SESSION 4 (Chairman Carlos Fernandez-Tornero) 

 

11:45-12:05 Adrián Plaza-Pegueroles (lab C. Fdez-Tornero) 

Mechanism of RNA polymerase I stalling at abasic sites 

12:05-12:25 Sonia-Huecas (lab C. Fdez-Tornero) 

Structural basis of Ty1 integrase tethering to RNA polymerase III for targeted 
retrotransposon integration 

12:25-12:45 Francisco Gutiérrez-Santiago (lab F. Navarro) 

The repressor of the RNA pol III, Maf1, is regulated via the PP4 phosphatase 
complex, and requires the participation of prefoldin-like Bud27 in 
Saccharomyces cerevisiae 

12:45-13:30. I.P. Meeting 

 

14:00-15:00 LUNCH 

 

SESSION 5 (Chairwoman Puri Fortes) 

15:00-15:40 Ana Ramos-Sáenz (lab J. de la Cruz) 

Study of Pol5 and MYBBP1A roles in the synthesis of ribosomes 

 15:45-16:25 Juan Cabello 

The Caenorhabditis elegans Integrator complex under stress 

16:30-17:10  José C Reyes 

Regulation by new chromatin factors of the epithelial to mesenchymal 
transition and its implication in cancer 

 

17:15-17:45 COFFEE BREAK 
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SESSION 6 (Chairwoman Encarna Martínez-Salas) 

17:45-18:25 María Duarte-Ruiz (lab C. Suñé) 

In silico and in vitro association of PRPF40B with the epigenetic modifier 
Polycomb repressive complex PRC2. 

18:30- 19:10 Rosario Francisco-Velilla (Lab E. Martínez-Salas) 

Functional and structural deficiencies of Gemin5 variants associated with 
neurological disorders 
 

21:00 DINNER 

 

Wednesday, 22nd June  

9:00 BREAKFAST 

SESSION 7 (Chairman J de la Cruz) 

 

9:45-10:05 Patrick Theunissen (lab P. Fortes) 

Development of a tumor-specific cancer vaccine based on lncRNA-derived 
microproteins 

10:05-10:25 Laura Prats-Mari (lab P. Fortes) 

Synapsis and ligation of double-strand DNA breaks are promoted by a small 
hairpin of long noncoding RNA NIHCOLE  
 

10:30-11:10 Elvira Arroyo & José M Pérez-Canadillas 

NMR assisted Fragment-Based Drug discovery applied to SARS-CoV-2 
proteins  
 

11:15-11:45 COFFEE BREAK 

11:45 Debate on the state of the RNA Life Network and its future 
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ABSTRACTS 

 
SESSION 1 

Phosphorylation of Rpb4 as a new mechanism to regulate gene expression 
Araceli González-Jiménez, Antonio Jordán-Pla2, M. Carmen González-Jiménez, Ithaisa Medina, 
Manuel J. Alfonso and Olga Calvo  
 
Instituto de Biología Funcional y Genómica, Consejo Superior de Investigaciones Científicas, Universidad de Salamanca, 
Calle Zacarías González 2, 37007 Salamanca, Spain. 2Instituto de Biotecnología y Biomedicina (BIOTECMED), Facultad 
de Biológicas, Universitat de València. C/ Dr. Moliner 50. E46100 Burjassot, Spain.  
 
The structure of RNAPII is highly conserved in all eukaryotes, consisting of 12 subunits (Rpb1-12) organized 
into four structural modules, among which the Rpb4 and Rpb7 subunits form the stalk. Rpb4 and Rpb7 appear 
to be unique and unconventional RNAPII subunits because of their versatility to function in different cellular 
compartments and biological processes. It participates in processes ranging from transcription to translation and 
mRNA degradation in a cyclical process. For this reason, Rpb4/7 is considered a coordinator of gene expression 
[1]. How Rpb4/7 performs so many different -spatially and temporally separated- functions to regulate gene 
expression is explained in part by its ability to interact with different nuclear and cytosolic complexes. However, 
how these interactions are regulated are fundamental unanswered questions. We and others have hypothesized 
that post-translational modifications (PTMs) regulate Rpb4/7 functions (2).  
Up to the moment, only the carboxyl-terminal domain (CTD) of Rpb1, the largest subunit of the RNAPII, has 
been shown to be phosphorylated with a key role in gene expression regulation. Whether other RNAPII subunits 
are phosphorylated and if this influences their role in gene expression is still an unanswered question. Much 
less is known about RNAPI and RNAPIII phosphorylation, whose subunits do not contain functional CTDs. 
We have compiled all the phospho-sites identified to date for S. cerevisiae RNAPs in different phospho-
proteomic studies. Several RNAPI and RNAPIII subunits are susceptible to phosphorylation. Some of these 
phosphorylation sites are distributed within subunits common to all three RNAPs whereas others are only shared 
between RNAPI and RNAPIII. This suggests that the activities of all RNAPs might be modulated by 
phosphorylation and raises the idea that this could coordinate the activities of the three RNAPs (3). 
Here, we present data demonstrating that Rpb4 is phosphorylated in vivo, and that Rpb4-P levels are important 
for transcription, regulating RNAPII gene occupancy. Our results also suggest that 
phosphorylation/dephosphorylation of Rpb1 and Rpb4 are coordinated to regulate gene expression. 
 

 

References 
(1) Calvo, O. (2020) RNA polymerase II phosphorylation and gene looping: new roles for the Rpb4/7 heterodimer in 
regulating gene expression. Curr Genet. 66: 927-937. 
 
(2) Richard, S., et al. (2021). Numerous Post-translational Modifications of RNA Polymerase II Subunit Rpb4/7 Link 
Transcription to Post-transcriptional Mechanisms. Cell Rep. 34, 108578. doi: 10.1016/j.celrep.2020.108578. 
 
(3) Gonzalez-Jimenez, A., et al. (2021). Regulation of Eukaryotic RNAPs Activities by Phosphorylation. Front Mol Biosci. 
8:681865. doi: 10.3389/fmolb.2021.681865. 
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Rpb4-RNA polymerase II association depends on CTD Ser5P phosphatase Rtr1 
and influences mRNA decay in Saccharomyces cerevisiae 

 
Garrido-Godino, Ana I.; Martín-Expósito, Manuel; Gutiérrez-Santiago, Francisco; Navarro, 
Francisco 
 
Departamento de Biología Experimental-Área de Genética. Universidad de Jaén. Spain. 
 
 
Rtr1 is an RNA polymerase II (RNA pol II) CTD-phosphatase that influences gene expression during 

the transition from transcription initiation to elongation and during transcription termination. Rtr1 

interacts with the RNA pol II and this interaction depends on the phosphorylation state of the CTD of 

Rpb1, which may influence dissociation of the heterodimer Rpb4/7 during transcription. In addition, 

Rtr1 was proposed as an RNA pol II import factor in RNA pol II biogenesis and participates in mRNA 

decay by autoregulating the turnover of its own mRNA. Our work shows that Rtr1 acts in RNA pol II 

assembly by mediating the Rpb4/7 association with the rest of the enzyme. RTR1 deletion alters RNA 

pol II assembly and increases the amount of RNA pol II associated with the chromatin that lacks Rpb4, 

decreasing Rpb4-mRNA imprinting and, consequently, increasing mRNA stability. Thus, Rtr1 

interplays RNA pol II biogenesis and mRNA decay regulation. Our data also indicate that Rtr1 

mediates mRNA decay regulation more broadly than previously proposed by cooperating with Rpb4. 

Interestingly, our data include new layers in the mechanisms of gene regulation and in the crosstalk 

between mRNA synthesis and decay by demonstrating how the association of Rpb4/7 to the RNA pol 

II influences mRNA decay. Finally we will discuss some data about the consequences of Rpb4/7 

dissociation on transcription. 
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Nucleo-cytoplasmic shuttling of RNA binding factors controls global mRNA 
buffering and contributes to specific gene regulation 

 
José García-Martínez1, Daniel A. Medina1, Pablo Bellvís2, Mai Sun3, Patrick Cramer3, Abhyudai 
Singh4, Sebastián Chávez2,5 and José E. Pérez-Ortín1 
 
1Instituto de Biotecnología y Biomedicina (BIOTECMED), Facultad de Biológicas, Universitat de València. C/ Dr. 
Moliner 50. E46100 Burjassot, Spain.  
2Instituto de Biomedicina de Sevilla, Universidad de Sevilla-CSIC-Hospital Universitario V. del Rocío, Seville, 41012, 
Spain. 
3Max Planck Institute for Biophysical Chemistry, Department of Molecular Biology, Am Fassber 11, 37077 Göttingen, 
Germany. 
4Department of Electrical and Computer Engineering, University of Delaware, Newark, DE 19716, USA 
5Dirección de Evaluación y Acreditación, Agencia Andaluza del Conocimiento. Doña Berenguela s/n, planta 3ª C.P. 14006 
Córdoba, Spain 
 
Gene expression in eukaryotes does not follow a linear process from transcription to translation and 
mRNA degradation. Instead it follows a circular process in which cytoplasmic mRNA decay crosstalks 
with nuclear transcription. In many instances this crosstalk contributes to buffer mRNA at a roughly 
constant concentration. Whether the mRNA buffering concept operates on the total mRNA 
concentration or at the gene-specific level, and if the mechanism to do that acts at global or at specific 
manner, remains unknown. We assessed changes in mRNA concentrations and their synthesis rates 
along the transcriptome of aneuploid strains of the yeast Saccharomyces cerevisiae. We found that the 
altered synthesis rates in the genes from the aneuploid chromosome were not counterbalanced by 
changes in their mRNA stabilities. We conclude that total mRNA buffering uses mostly a global system 
rather than a gene-specific one. 

On the other hand, if transcription and mRNA degradation act synergistically, instead of a 
counterbalancing manner, enhanced gene expression regulation would occur. We mathematically 
modeled the effects of RNA binding proteins (RBP) when they have positive or negative effects on 
mRNA synthesis and decay rates. We found that they can buffer or enhance gene expression responses 
depending on their respective effects on transcription and mRNA stability. Then we analyzed new and 
previously published genomic datasets obtained for several yeast mutants related to either transcription 
or mRNA decay, but they are not known to possess activity in the other process. We show that some of 
them, which were presumed only transcription factors (Sfp1) or only decay factors (Puf3, Upf2/3), may 
represent examples of RBPs that make specific synergistic crosstalk to enhance the control of the mRNA 
levels of their target genes by combining antagonistic effects on transcription and mRNA stability. 
 
 
 
References: 
 

(1) García-Martínez J, Medina DA, Bellvís P, Sun M, Cramer P, Chávez S, Pérez-Ortín JE. 2021. The total mRNA 
concentration buffering system in yeast is global rather than gene-specific. RNA. 27(10):1281-1290. 
 

(2) García-Martínez, J.; Singh, A., Medina D.A.; Chávez, S. y Pérez-Ortín, J.E. (2022). Gene regulation by synergism between 
mRNA decay and gene transcription. bioRxiv 2022.04.19.488766; doi: https://doi.org/10.1101/2022.04.19.488766. 
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The transcription factor Sfp1 imprints specific classes of mRNAs and links their 
synthesis and cytoplasmic decay 

 
Kelbert, M.1, Jordan, T.2, de-Miguel-Jiménez, L.3, García-Martínez, J 2., Selitrennik, M.1 Gutman, 
A.1, Chávez, S.3, Pérez-Ortín, J.E.2 and Choder, M.1 

 
1.Department of Molecular Microbiology, Rappaport Faculty of Medicine, Technion-Israel Institute of 
Technology, Haifa, Israel 

2.Departamento de Bioquímica y Biología Molecular, Facultad de Biológicas and Instituto Biotecmed, Universitat de 
València, Dr Moliner 50, E-46100 Burjassot, Valencia, Spain 
3.Instituto de Biomedicina de Sevilla, Universidad de Sevilla-CSIC-Hospital Universitario V. del Rocío, and Departamento 
de Genética, Facultad de Biología, Universidad de Sevilla, Seville, E-41012, Spain. 
 
 
To properly function as an integrated system, both transcriptional and post-transcriptional regulation 
machineries must communicate through underlying mechanisms, of which little is still known. Here 
we focus on S. cerevisiae ribosomal biosynthetic (RiBi) and ribosomal proteins (RP) genes, 
transcription of which is regulated by a promoter-binding transcription factor, Sfp1 (1-2). The binding 
of Sfp1 to RP and RiBi promoters is different, indicating a different mode of activation for these two 
kinds of gene sets (1). We show here that Sfp1 also binds gene bodies, thereby changing RNA pol II 
configuration. This leads to enhanced RNA pol II backtracking and possibly Rpb4 dissociation, which 
in turn affect transcript stabilities. Using CRAC (cross-linking analysis of cDNAs), we define a group 
of genes bound by Sfp1 close to their 3’ ends. This group is enriched in RP and RiBi genes, and the 
binding of Sfp1 regulates their deadenylation and stability. The interaction of Sfp1 with CRAC+ 
mRNAs is controlled at the promoter and it occurs concomitantly with its dissociation from chromatin. 
Collectively, our data indicates that Sfp1 accompanies RNA pol II during elongation and jumps to 
mRNAs co-transcriptionally close to their pA sites. It then accompanies these mRNAs to the 
cytoplasm and regulates their stability. Interestingly, the stability effect is only on RPs and CRAC+ 
RiBis (but not for CRAC- RiBis). Thus, Sfp1 co-transcriptional binding imprints the mRNA fate in 
different way for its different targets and serves as a paradigm for posttranscriptional regulation of 
specific mRNAs by the transcription apparatus. 
 
 
 
References: 
 

(1) Albert B, Tomassetti S, Gloor Y, Dilg D, Mattarocci S, Kubik S, Hafner L, Shore D. 2019. Sfp1 regulates transcriptional 
networks driving cell growth and division through multiple promoter-binding modes. Genes Dev. 33(5-6):288-293. 

(2) Reja R, Vinayachandran V, Ghosh S, Pugh BF. 2015. Molecular mechanisms of ribosomal protein gene coregulation. Genes 
Dev. 29(18):1942-54.  

  



 10 

SESSION 2 
 

New roles of the yeast mRNA-binding protein Cth2 during the response to iron 
deficiency 

 
A. M. Romero1, A. Garrido2, J. García3, F. Navarro2, J. E. Pérez-Ortín3, V. Labunskyy4, M. T. 
Martínez-Pastor3 and S. Puig1  
 
1Instituto de Agroquímica y Tecnología de Alimentos (IATA-CSIC), Paterna, Valencia. 
2 Departamento de Biología Experimental – Genética, Universidad de Jaén (UJA), Jaén. 
3 Departamento de Bioquímica y Biología Molecular, Universitat de València, Burjassot, Valencia. 
4 Department of Dermatology, Boston University School of Medicine, Boston, Massachusetts, EEUU. 
 

Iron is an essential micronutrient because it acts as a cofactor in many fundamental cellular 

processes, such as respiration, DNA synthesis and repair, translation and lipid biosynthesis. In 

response to iron deficiency, the budding yeast Saccharomyces cerevisiae reorganizes its metabolism 

in order to optimize iron utilization. The tandem zinc finger (TZF)-containing protein Cth2 plays a 

specific role in this metabolic remodeling, by binding and promoting the decay and the translational 

repression of multiple mRNAs with AU-rich elements (AREs) that encode for iron-dependent proteins. 

Thus, iron is deviated from non-essential processes, such as respiration, to essential ones, like DNA 

synthesis and repair. Cth2 protein shuttles between the nucleus, where it binds cotranscriptionally to 

its targets and can promote their alternative 3’-end processing, and the cytoplasm, where it is exported 

bound to mRNA and provokes either the degradation and/or the translational inhibition of its targets. 

In vivo studies have determined the sequential assembly of mRNA decay factors that interact with 

Cth2. While Cth2 interacts with the RNA helicase Dhh1 and the deadenylase Pop2/Caf1 complex 

before binding to its target mRNAs, both the association between Cth2 and Xrn1 exonuclease and 

Cth2 nuclear export require interaction with mRNA. In this work, we explore new roles of Cth2 

protein. First, we propose a potential role for the mRNA-binding protein Cth2 in regulating the 

transcription of its target mRNAs. Second, both high and low throughput data indicate that Cth2 helps 

to downregulate mitochondrial translation under iron deficiency, mainly through the translational 

inhibition of mitochondrial ribosomal genes. 
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Different roles for Arabidopsis PAT1 factors in controlling 
mRNA decay and gene expression 

 
Ema Olate, Eduardo Tranque, M. Fernanda Ruiz, Alejandra Fernandez, Rafael Catalá, and Julio 
Salinas 
 
Centro de Investigaciones Biológicas Margarita Salas-CSIC, Madrid 
 
 
In eukaryotes, decapping is a critical step in the 5’-3’ decay pathway since it usually 

commits mRNAs to degradation, playing an essential role in the regulation of gene 

expression. Decapping is a highly regulated process involving the activity of different 

activators. One of these activators is PAT1, a protein highly conserved across 

eukaryotes. In contrast to yeast and vertebrates, the Arabidopsis genome encodes three 

PAT1 homologues (PAT1, PAT1H1, PAT1H2), PAT1 being the only one that has been 

shown to be involved in mRNA decapping. Whether PAT1H1 and PAT1H2 are also 

implicated in mRNA decay via decapping and, if so, whether the three Arabidopsis 

PAT1 factors target different subsets of mRNAs remains unknown. Here, we will 

present genetic and molecular evidence that the three Arabidopsis PAT1 factors 

function differentially in mRNA decay and, therefore, in regulating gene expression. 

Furthermore, we will present results indicating that, in each case, these factors control 

the expression levels of particular genes related to plant growth and development. 

Finally, as expected from these findings, the PAT1 factors will be shown to play an 

important role in Arabidopsis development. 
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The Arabidopsis U6 snRNP assembly factor UBL1 confers specificity to the 
spliceosome activity in response to low temperature 

 
Eduardo Tranque1, M. Fernanda Ruíz1, Ema Olate1, José Giménez-Gómez2, Rafael Catalá1 and Julio 
Salinas1 

 
1Centro de Investigaciones Biológicas Margarita Salas, CSIC, Madrid 
2Centro de Biotecnología y Genómica de Plantas, UPM/INIA, 28223 Madrid 
 
 
A key step in gene expression is the removal of introns from pre-mRNAs and the subsequent ligation 

of exons to give rise to mature mRNAs, a process named splicing. The splicing reaction is mediated 

by the spliceosome, a ribonucleoprotein (RNP) complex highly conserved in eukaryotes, whose 

catalytic component is the U6 snRNP. This snRNP is constituted by a small uridine-rich nuclear RNA, 

the U6 snRNA, and the heptameric LSM2-8 complex. In Arabidopsis, the U6 BIOGENESIS LIKE 1 

(UBL1) protein promotes the binding of the LSM2-8 complex to the U6 snRNA. In our laboratory, we 

demonstrated that the Arabidopsis LSM2-8 complex is involved in the selection of specific pre-

mRNAs by the spliceosome in response to different internal and external stimuli. Whether UBL1 has 

also a role in conferring specificity to the spliceosome activity remains unknown. Here, we report the 

functional and physiological characterization of UBL1. Our results reveal that, under standard 

conditions, UBL1 controls the adequate splicing of the same intron subset as the LSM2-8 complex. 

Interestingly, however, under cold conditions, it controls the correct splicing of specific pre-mRNAs. 

It is worth noting that an important number of the pre-mRNAs controlled by UBL1 corresponds to 

cold-regulated genes and, consistent with this, we show that UBL1 has an essential function in 

regulating freezing tolerance in Arabidopsis.  
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SESSION 3 
 

RNA homeostasis in yeast: impact of cellular volume and replicative age on 
proliferative heterogeneity 

 
Maria de la Cruz Muñoz-Centeno, Irene Delgado-Román, María José García-Marcelo, Lidia 
Delgado-Ramos, Sebastián Chávez de Diego. 
 

Instituto de Biomedicina de Sevilla, Consejo Superior de Investigaciones Científicas- Universidad de Sevilla-Hospital 
Universitario Virgen del Rocío, Avenida Manuel Siurot s/n 41013-Sevilla, Spain. 
 
Proliferative heterogeneity can be found in all kind of organisms, from unicellular microorganism to 
human cells. It is especially relevant in cancer where proliferative heterogeneity in tumoral cells leads 
to treatments resistance. Over the past 50 years, Saccharomyces cerevisiae has served as an important 
model for aging research, Nevertheless, how the early stages of aging affect cell cycle regulation and 
thus, proliferative capacity, remains unclear. Encapsulation is a novel technique which allows the 
isolation of single yeast and study proliferative heterogeneity at a single-cell level. We have already 
shown that microcolonies generated in this way differ in size as a consequence of the heterogeneity in 
proliferation capacity. The lowest proliferation rate is observed in small microcolonies. Transcriptomic 
results show an increase in the expression of some genes being WHI5 the more overexpressed in small 
microcolonies. Whi5 is a cell cycle suppressor at G1-S transition point and the yeast functional 
homologous of human Retinoblastoma. We also observe that moderately aged cells produce small 
microcolonies with more frequency, concluding that early replicative age impacts on cell proliferation 
rates. We attempted to shed light on this challenging question by comparing the synchronized 
progression throughout a cycle of early-aged and non-aged enriched cultures.  
 
In addition, we hypothesize that decreased growth rate detected in early aged cells could be mediated 
by its increased volume, since volume of mother cells increase with its replicative lifespan. To explore 
this, we will uncouple replicative age and volume to identify which of the two challenges is associated 
with decreased proliferation potential in young mother cells, although a contribution of both 
parameters cannot be discarded. As a first approach, we will compare the size distribution of 
microcolonies founded by cells with the same replicative age but different volume. This and other 
future experiments will allow us to determine if the volume increase mediates a decrease in 
proliferation, the effects on ribostasis and if this is a general process or it is restricted to moderately 
aged cells. 
 
References: 
(1) Levy, et al (2012). Bet hedging in yeast by heterogeneous, age-correlated expression of a stress protectant. PLoS Biol 10(5), 

e1001325. doi: 10.1371/journal.pbio.1001325 
(2) García-Martínez et al (2016) The cellular growth rate controls overall mRNA turnover, and modulates either transcription or 

degradation rates of particular gene regulons. Nucleic Acids Res. 2016 May 5;44(8):3643-58. doi: 10.1093/nar/gkv1512. Epub 
2015 Dec 29.  

(3) Mena, et al (2017). Asymmetric cell division requires specific mechanisms for adjusting global transcription. Nucleic Acids Res. 
2017 Dec 1;45(21):12401-12412. doi: 10.1093/nar/gkx974. 
 

(4) Delgado-Román, et al (2021). Coupling Between Cell Cycle Progression and the Nuclear RNA Polymerases System. Front Mol 
Biosci. 2021 Aug 2;8:691636. doi: 10.3389/fmolb.2021.691636.  
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Elucidating the non-canonical role of the canonical prefoldin complex during 
transcription elongation 

 
Alberto Elías-Villalobos, Sara Fontalva Ostio, Xenia Peñate Salas, Maria de la Cruz Muñoz 
Centeno, Sebastián Chávez de Diego. 
 

Instituto de Biomedicina de Sevilla, Consejo Superior de Investigaciones Científicas- Universidad de Sevilla-Hospital 
Universitario Virgen del Rocío, Avenida Manuel Siurot s/n 41013-Sevilla, Spain. 
 
The canonical prefoldin complex is known by its role as a cochaperone for the assembly of cytoskeletal 
proteins in the cytoplasm. However, over the last decade, growing evidences support non-canonical 
nuclear roles for this complex in the regulation of gene expression. For instance, previous research in 
our lab has shown that prefoldin localizes to the nucleus and that it is required for RNA polymerase II 
phosphorylation at serine 2 in S. cerevisiae. In addition, chromatin immunoprecipitation analyses and 
GLAM assays further support a specific role of canonical-prefoldin during transcription elongation in 
yeast. Moreover, our results in human cells also show that prefoldin is required for co-transcriptional 
pre-mRNA splicing, a process intimately linked to transcription elongation, as well as for the 
recruitment of specific splicing factors.  
 
Despite these striking results, however, the precise molecular mechanism through which prefoldin acts 
during transcription elongation and/or splicing remains unknown. Our current research focuses on 
deciphering such a mechanism by identifying the nuclear interacting partners of canonical-prefoldin. 
For this, we use both a candidate approach, in which we directly analyze the interaction of prefoldin 
subunits with well-known transcription elongation and splicing factors, and an unbiased approach, 
which aims to affinity-purify nuclear prefoldin and analyze its interacting partners by mass-
spectrometry. Our preliminary results suggest Paf1C, CCR4-NOT and several spliceosome subunits 
as potential candidates to molecularly link prefoldin with the transcription elongation and splicing 
machineries. 
 
References: 
 
(1) Millán-Zambrano, et al (2013). The prefoldin complex regulates chromatin dynamics during transcription elongation. PLoS 

Genetics 9:e1003776 
 

(2) Millán Zambrano, et al (2014). Nuclear functions of prefoldin. Open Biology 4:140085. 
 

(3) Payán-Bravo, et al (2021). Human prefoldin modulates co-transcriptional pre m-RNA splicing. Nucleic Acids Research 49: 6267-
6280. 
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The specific contribution of SAGA, but not SLIK in coupling mRNA export and 
transcription supports their different roles in gene expression 

 
Carme Nuño-Cabanes, Varinia García-Molinero, María-Eugenia Gas-López, Paula Oliete-Calvo 
and Susana Rodríguez-Navarro 
 
Instituto de Biomedicina de Valencia, Consejo Superior de Investigaciones Científicas, Calle Jaime Roig, 10, 46010 
Valencia,  Spain. 
 
In yeast cells, two transcriptional coactivator complexes coexist, SAGA and SLIK. They share all their 
subunits except for Spt8 and the C-terminal part of Spt7, only present in SAGA. Their modular 
architecture is identical and recent data suggest that they are structurally and biochemically 
indistinguishable, at least in vitro. However, the fact that SLIK is more similar to higher eukaryotic 
SAGA suggests that yeast SAGA could perform specific roles. However, evidence of distinctive 
contributions for each complex in vivo are poorly reported. In this work, we studied by different 
approaches the transcriptional consequences of expressing only SLIK and found that they have higher 
transcriptional rates (TR) than the wildtype. This higher TR is compensated by an augmented mRNA 
decay rate while maintaining the concentration of mature transcripts constant. We also found an 
enrichment of transcripts peaking at the 5’end of coding regions in SLIK constitutive mutants. This 
suggests that the SAGA-specific factors Spt8 and the C-terminus of Spt7 might control the early steps 
of transcription elongation. In these lines, a role for Spt8 in resuming transcription in coordination with 
the Mediator is known. Strikingly, we also observed genetic interactions between Mediator subunits and 
mutants expressing either only SLIK or only SAGA.   
Searching for downstream modulators of the SAGA/SLIK equilibrium, we observed that SLIK 
formation is triggered in mutants of the TREX-2 complex, which coordinates transcription with mRNA 
export. TREX-2 mutants interact genetically with mutants expressing either only SLIK or only SAGA, 
supporting their functional connection. Furthermore, we found that SAGA, but not SLIK, is specifically 
required for preventing the mRNA export of general transcripts upon osmotic stress. This novel role is 
executed via the SAGA distinctive subunits Spt7 C-terminus and Spt8, since cells only expressing SLIK 
are incapable of blocking mRNA export under osmostress. Here we will present new results implicating 
SAGA, the Mediator and TREX-2 in the coordination of transcription with mRNA export during stress.  
 
 
References: 
 

(3) Adamus et al (2021). SAGA and SAGA-like SLIK transcriptional coactivators are structurally and biochemically 
equivalent JBC doi:https://doi.org/10.1016/j.jbc.2021.100671 

(4) Makio T, Wozniak RW (2030)  Passive diffusion through nuclear pore complexes regulates levels of the 
yeast SAGA and SLIK coactivator complexes JCS doi: 10.1242/jcs.237156. 

(5) Nuño-Cabanes C and Rodríguez-Navarro S (2021) The promiscuity of the SAGA complex subunits: Multifunctional or 
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One key step in the stress response in the yeast Saccharomyces cerevisiae is the formation of stress 

granules. The protein eIF4G1, also known as Tif4631, besides its function as a translation initiation 

factor, has also a role in stress granules formation, coupling both processes. The N-terminal domain 

(N-ter) of this protein presents a conserved RNA binding region (RNA1) and two boxes of about 15-

20 conserved amino acids (BOX1 and BOX2) in the first 249 residues. These regions may be 

significant in Tif4631 function in stress granules formation since they interact with RNA binding 

proteins, such as Pab1 and Pub1, key components of the stress granules. 

In this work, we study the biological relevance of these BOX1, BOX2 and RNA1 regions of Tif4631 

in stress response and stress granules formation. With this aim, we created, by CRISPR technology, 

strains with different versions of Tif4631: each one lacking either one of the three structural regions 

to be studied or the first 249 residues of the N-ter. In these strains, we also deleted TIF4632, which 

encodes a Tif4631 homologous protein, since both proteins can function interchangeably and 

Tif4632 presence can mask the effect of the deletions. Thus, we studied how the lack of the different 

Tif4631 regions affects cell growth, protein levels and Tif4631 function in stress granules formation. 

Under optimal growth conditions, the Tif4631ΔN-ter strain is the only one whose growth is affected. 

However, under stress conditions, there is a defect of growth in the strains lacking N-ter, BOX1 and 

RNA1, whereas the Tif4632ΔBOX2 grows even better than the tif4632Δ strain control. Furthermore, 

BOX1 deletion seems to affect Tif4631 levels. Therefore, these results suggest BOX1 as the most 

important region in Tif4631 function of the studied regions. 
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Abasic (AP) sites are one of the most common DNA lesions, with around 50,000 generated each day 
per cell. AP sites block transcription and, due to their non-instructional character, are highly mutagenic. 
RNA polymerase I (Pol I) catalyzes ribosomal RNA synthesis in eukaryotic cells (1). This enzyme 
carries out around 60% of the total transcriptional activity in growing cells, controlled by unique 
regulatory mechanisms (2,3). Among the 14 subunits conforming Pol I in Saccharomyces cerevisiae, 
the A49/A34.5 heterodimer plays a role in transcription initiation and elongation, while subunit A12.2 
is involved in RNA cleavage. We performed in vitro transcription experiments showing that Pol I stalls 
after preferentially adding adenosin opposite the AP site, in contrast to slow bypass of the lesion 
observed in the case of RNA polymerase II. We obtained cryo-electron microscopy structures, at 
resolutions ranging from 3.0 Å to 3.5 Å, of Pol I elongation complexes presenting an AP site next to the 
enzyme active center. One structure shows that Pol I accommodates the AP site at a non-canonical 
templating position that is, nevertheless, compatible with nucleotide addition. Further structures in the 
presence of the nucleotide analog AMPCPP provide evidence of non-overlapping entry and addition 
sites for NTP binding in Pol I. Observation of alternative configurations for the C-terminal domain of 
subunit A12.2, depending on the presence or absence of the A49/A34.5 heterodimer, suggests a role for 
RNA cleavage in DNA lesion handling. Together with our former studies on UV light-induced DNA 
lesion detection by Pol I (4), these results shed light on the unique mechanisms employed by Pol I to 
protect cells against damage on ribosomal DNA. 
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Eukaryotic cells use RNA polymerase III (Pol III) to transcribe tRNAs, the spliceosomal U6 RNA and 
other short and abundant RNAs which are essential for cellular functions (1). Pol III is constituted by 
17 subunits that are organized into four architectural units. The 10-subunit enzymatic core comprises 
the two largest subunits C160 and C128 that form the active site, the assembly AC40/AC19 
heterodimer, subunit C11 involved in transcriptional pausing, RNA cleavage, termination and 
reinitiation, as well as five additional subunits shared with Pol I and Pol II (2-4). Among the peripheral 
subunits, C17 and C25 form the stalk, while the C37/C53 heterodimer is involved in transcription 
initiation and termination (2). The yeast Ty1 retrotransposon integrates upstream of genes transcribed 
by Pol III (5). Specificity of integration is mediated by an interaction between the Ty1 integrase (IN1) 
and Pol III, currently uncharacterized at the atomic level. We report cryo-EM structures of Pol III in 
complex with IN1, revealing a 16-residue segment at the IN1 C-terminus that contacts Pol III subunits 
AC40 and AC19, an interaction that we validate by in vivo mutational analysis. Unexpectedly, IN1 
binding associates with insertion of subunit C11 C-terminal domain into the Pol III funnel, which 
provides atomic evidence for a two-metal mechanism during RNA cleavage. Moreover, unstructured 
regions of subunits C53 and C37 reorganize close to C11, likely explaining the connection between 
the C37/C53 heterodimer and C11 during transcription termination and reinitiation. Our results suggest 
that IN1 binding induces a Pol III configuration that favors chromatin residence, thus improving the 
likelihood of Ty1 integration (6). 
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The RNA pol III-dependent transcription is regulated by the repressor Maf1 which exhert its role 

through its phosphorylation/dephosphorylation status and its cytoplasmic-nuclear shuttling. This 

process depends on TOR-signaling pathway that, when inhibited, leads to Maf1 dephosphorylation, 

determining its nuclear entry and its associatiotion with the RNA pol III to repress its activity. The 

protein phosphatase 4 complex (PP4) is the main Maf1 phosphathase. In this work, we present 

evidences showing that Maf1-dependent PP4 dephosphorylation and Maf1 localization requires the 

participation of the prefoldin-like Bud27 and the Bud27-PP4 association. We discuss a model to 

explain the mechanism by which Bud27 acts on PP4 phosphatase activity to control Maf1 regulation. 
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Ribosomes are the cellular machinery that translate the genetic code to produce proteins. They are 
composed of two ribosomal subunits, the large (60S), and the small (40S) ones. Ribosome biogenesis is 
a very conserved process among eukaryotes and it has been mainly studied in Saccharomyces cerevisiae 
and human cell lines as model organisms. During ribosome biogenesis, so-called trans-acting factors 
guarantee speed, directionality, and accuracy of the process. More than 300 factors have been identified 
in S. cerevisiae, among them the Pol5 protein, which is homologous of the human tumour suppressor 
Myb-binding protein 1A (MYBBP1A). Mutations in MYBBP1A are associated with different kinds of 
tumors, the most frequent in kidney. As Pol5, MYBBP1A is a nucleolar protein that supposed to have 
a role in ribosome biogenesis, but how it participates in this process is still unclear. We have 
demonstrated that Pol5 is required for the normal production of 60S ribosomal subunits in yeast, through 
its role in the correct processing of 27SB pre-rRNA to mature 25S rRNA (1,2). There is also evidence 
that Pol5 has an additional role in the 40S-ribosomal-subunit synthesis (2). In addition, we demonstrated 
that the heterologous expression of MYBBP1A in yeast causes a dominant negative phenotype that 
implies an interference with the maturation process of 60S ribosomal subunit. Currently, we are trying 
to elucidate the molecular reasons of this latter observation, as well as the possible mechanism by which 
Pol5 could have a dual role in the synthesis of 40S and 60S subunits. Clarifying the function of Pol5 in 
the synthesis of ribosomes in yeast can help further understanding the role of MYBBP1A in the same 
process in human cells. 
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Control of cellular homeostasis is not carried out through independent pathways, but rather as a coordinated 
network of control systems ranging from gene expression to modulation of the activity of certain organelles. 
Loss of this coordination leads to diseases. Although homeostasis has been largely studied, little is known about 
the role of RNA metabolic factors in homeostasis regulation during environmental stress. The Integrator 
complex -a multiprotein complex that typically binds the carboxy-terminal domain of RNA polymerase II- is 
directly or indirectly involved in major steps of RNA life cycle such as transcription initiation, splicing and 
termination. Our group has characterized the Caenorhabditis elegans Integrator complex and described how 
this complex also leads to non-conventional transcriptional control of genes and long non-coding RNAs under 
environmental stress. Our recent work reveals that, in addition to its known function in RNA metabolism, the 
Integrator complex may be pivotal in maintaining cellular homeostasis in two different scenarios:  
1) Direct regulation of mitochondrial activity and gene expression control mediated by the insulin pathway. 
Mitochondria and the insulin pathway are two interconnected systems. Integrator localizes in the nucleus as 
well as the mitochondria and is required for proper mitochondrial respiration. Moreover, Integrator expression 
is regulated by the insulin pathway and exerts feedback regulation on DAF-16/FOXO (transcription factor on 
insulin pathway signaling). This indicates the existence of a regulatory cycle composed of the three elements: 
the insulin pathway, Integrator complex and mitochondria. 
2) Response to DNA damage. Integrator complex mediates the cell response to DNA breaks by contributing to 
the loading of repair proteins to the DNA breaks and by generating long chimeric sn-mRNAs. Those RNAs are 
formed, upon DNA damage, by lack of snRNA processing and readthrough of the RNA Pol II till the 
downstream gene. Function of these sn-mRNAs is currently under study in our lab.    
Our project aims to characterize the function of the Integrator complex in cell homeostasis at a molecular level. 
Understanding how environmental stress affects RNA processing factors, and their adaptive responses on RNA 
structure and metabolism will provide novel insights into cellular metabolic control. 
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The epithelial-to-mesenchymal transition (EMT) and its reversion (MET) are essential processes 

during development but are also related to tumor cell dissemination and migration, tumor circulating 

cell generation, cancer stem cells, and metastasis formation. We have previously described that the 

high mobility group (HMG) protein HMG20A is required for EMT. The protein HMG20A contains 

three different structural elements, as predicted by AlphaFold2 software, that we have functionally 

characterized: an amino-terminal intrinsically disordered domain with transactivation activity, a HMG 

box with higher binding affinity for double-stranded four-way-junction DNA than for linear DNA, and 

a long coiled-coil domain. We have previously shown that HMG20A interacts with the complex of the 

demethylase of H3K4me2, LDS1/CoREST. To better understand its role in transcription, in 

collaboration with the group of Dr. M. Buschbeck (IJM, Barcelona) we have performed a proteomic 

analysis that demonstrates that HMG20A has other interesting interactors, in addition of 

LSD1/CoREST subunits. We have analyzed several of them and found they are also involved in the 

EMT process. Finally, we have also investigated the role of HMG20A and its associated factors in 

cancer prognosis. 
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It is widely accepted that transcription and splicing are physically and functionally coupled and that 
this coupling might be an important aspect of the regulation of alternative splicing. This functional 
coupling appears to be a major element in the regulation of gene expression programs, driving complex 
cell functions. Traditionally, alternative splicing has been thought to be predominantly controlled by 
both cis-regulatory sequences and trans-acting factors. However, this process is more complicated 
than originally anticipated and recent studies suggest a crosstalk between epigenetic mechanisms and 
alternative splicing regulation. The Polycomb complex integrates a group of proteins that repress gene 
expression through repressive marks on histones. These proteins are organized in several 
subcomplexes called PRC1 and PRC2. In the canonical model of Polycomb activity, trimethylation of 
lysine 27 in the histone H3 tail (H3K27me3) by the PRC2 complex causes recruitment of PRC1, 
leading to heterochromatin formation and inhibition of transcription. 

PRPF40B is the mammalian ortholog of the essential yeast splicing factor Prp40 and it has been 
proposed to regulate the coupling between transcription and alternative splicing. We have supported 
this hypothesis by showing that PRPF40B associates with splicing factors and modulates different 
splicing events in vitro and in vivo. PRPF40B has been implicated in several human dysfunctions, such 
as neurodegenerative diseases. 
To gain insight into the functional role of PRPF40B in the nervous system, we eliminated endogenous 
expression of the protein in SH-SY5Y neuroblastoma cells. We found that PRPF40B-KO cells showed 
large changes of epigenetically silenced genes, especially H3K27me3-marked genes. Most of the 
genes are involved in neuron development, integrity and plasticity, and have been implicated in 
neurodegenerative disorders. We also observed hundreds of differentially expressed genes enriched 
with binding sites of components of the repressive PRC2 complex. This complex plays a critical role 
in lineage determination and cell-type specification in the brain during development, also plays an 
important role in adult brain. 

Here, we will show data that suggest a functional interaction of PRPF40B and PRC2. Our initial 
hypothesis is that PRPF40B regulates the function of neuronal genes through the PRC2 Polycomb 
repressive complex, which may go aberrant in neurodegenerative disorders. 
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Dysfunction of RNA-binding proteins are often linked to a wide range of human diseases, particularly with 

neurological conditions. Gemin5 is a member of the survival of motor neuron (SMN) complex, a ribosome-

binding protein and a translation reprogramming factor. Recently, pathogenic mutations in Gemin5 have 

been reported but the functional consequences of these variants remain elusive. Here we report functional 

and structural deficiencies associated with compound heterozygosity variants within the Gemin5 gene 

found in patients with neurodevelopmental disorders. These clinical variants are located in key domains of 

Gemin5, the tetratricopeptide repeat (TPR)-like dimerization module and the non-canonical RNA-binding 

site 1 (RBS1). We show that the TPR-like variants disrupt protein dimerization while the RBS1 variant 

confers protein instability. All mutants are defective in the interaction with protein networks involved in 

translation and RNA-driven pathways. Importantly, the TPR-like variants fail to associate with native 

ribosomes, hampering its involvement in translation control, and establishing a functional difference with 

the wild type protein. Our study provides insights into the molecular basis of disease associated with 

malfunction of Gemin5 protein. 
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Despite the advent of immune checkpoint inhibitors for cancer immunotherapy resulting in long-
lasting anti-tumoral activity, a large subset of non-responding patients progresses at a rate consistent 
with the natural course of the disease. This is especially prevalent in hepatocellular carcinoma (HCC), 
leading to low survival among patients. With the end of improving patient response and prognosis, we 
propose a combined therapy using checkpoint inhibitors and immunotherapeutic anti-cancer 
vaccination for the treatment of HCC. In search of alternative sources of antigens capable of providing 
clinical advantages to current anticancer vaccines, we focused our attention to long non-coding RNAs 
(lncRNAs). In spite of their name, and on the fact that lncRNAs are natural regulatory factors, a portion 
can encode for microproteins. In addition, based on results obtained from previous transcriptome 
analysis of cancerous and non-cancerous tissues, certain lncRNAs are highly cancer-specific and not 
expressed in healthy tissues. This should permit the use of microproteins derived from these lncRNAs 
as potential immunogenic antigens for anticancer vaccination. To prove this hypothesis, we selected 
HCC-specific lncRNAs with high expression and translation potential as demonstrated through 
ribosome profiling and qRT-PCR. Using this collection, we identified epitopes with high HLA class 
I/II binding affinity using in silico and in vitro studies. Subsequent immunization studies supported 
the epitopes’ ability to generate an in vivo immunogenic response. Furthermore, we generated 
alphavirus-based recombinant vectors encoding auto-replicative RNA molecules expressing the 
antigens of interest to evaluate the effects that different multi-epitope vaccination platforms have on 
immunogenicity. Results demonstrated that intradermal administration and electroporation of a 
recombinant DNA plasmid yielded comparable results to that of SFV viral particles in terms of 
immunogenicity. This vaccine demonstrates high immunogenicity, particularly in the case of class II 
peptides. Although future experiments are required, this work established the pipeline for the 
development of unprecedented anticancer vaccines for the treatment of HCC. 
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Long noncoding RNAs (lncRNAs) are emerging as key players in cancer by enabling poorly 
understood molecular mechanisms. NIHCOLE is a novel lncRNA induced in hepatocellular carcinoma 
(HCC) whose expression is associated with poor prognosis and survival of HCC patients. Depletion 
of NIHCOLE from HCC cells leads to impairment in proliferation, G2/M cell cycle arrest and 
increased apoptosis. Looking for new therapies for HCC, we have studied the molecular mechanisms 
that allow NIHCOLE dependence of HCC cells. Proteomic analyses show that NIHCOLE interacts 
with essential factors in the non-homologous end-joining (NHEJ) pathway of double strand break 
(DSB) repair, including the Ku heterodimer. Additionally, we show by electron and atomic force 
microscopy that NIHCOLE can bind multiple molecules of Ku likely through small structural motifs 
(SM) predicted to exist within full-length NIHCOLE. While several SMs can bind Ku with high 
affinity, prominent among them is SM3. We show by EMSA that SM3 promotes Ku's multimerization 
and supports the formation of multimeric complexes including other NHEJ factors such as APLF and, 
importantly, the end-ligation complex formed by XRCC4 and DNA Ligase IV (X4/L4). Variants of 
SM3 with similar sequence or similar structure show decreased affinity for these factors. Single-
molecule DNA forceps indicate that NIHCOLE or SM3 stabilize the synapsis between DNA ends 
required for ligation. Further, NHEJ reconstitution assays with recombinant Ku and X4/L4 show that 
increasing concentrations of NIHCOLE or SM3 promote the ligation efficiency of blunt-ended DNA 
breaks. Using γH2AX immunofluorescence, GFP reporters and the comet assay as read-outs of DNA 
damage, we corroborated a significant defect in DNA damage repair of NIHCOLE-depleted cells after 
ionizing radiation. Indeed, combination of radiation with NIHCOLE-depletion results catastrophic for 
HCC cells.  Our results indicate that NIHCOLE, probably through the small hairpin RNA SM3, 
contributes to the synapsis and ligation of DSBs by the NHEJ machinery. NIHCOLE confers an 
advantageous malignant adaptation to HCC cells that could be involved in the radio-resistance of these 
cells. NIHCOLE inhibition coupled to trans-arterial radio or chemotherapy should be exploited as a 
novel approach for an RNA-based therapy against HCC. 
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Nuclear Magnetic Resonance (NMR) is a powerful tool in drug discovery. We have screened two 

different chemical fragment libraries against one of the structural proteins of the SARS-CoV-2 virus. 
19F-NMR has been used to monitor binding events in a 270 fluor-containing compounds library 

identifying several molecules. These targets were validated by Saturation Transfer Difference (STD) 

and waterLOGSY experiments. A second library of 242 compounds was screened using STD and 

waterLOGSY experiments directly, identifying a second set of potential inhibitors. The binding site of 

these two sets of inhibitors were mapped by chemical shift perturbation looking at effects on the 1H-
15N-HSQC spectra upon titration with the ligands. Some of the most promising ligands were soaked 

into protein crystals and structures of the complexes have been obtained.  

 
 
 

 
 
 

 
 

  

 


