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Call  for  Summations  and  Papers  

Reminder	  –	  this	  meeting	  will	  be	  the	  basis	  for	  a	  Special	  Edition	  issue	  of	  the	  journal	  
GENE,	  edited	  by	  Astrid	  Engel.	  

1]	  If	  you	  would	  like	  your	  presentation	  to	  be	  included	  (optional)	  and	  summarized	  
accurately	  in	  the	  meeting	  report,	  please	  send	  the	  Title,	  Authors,	  and	  a	  short	  (100-‐
200	  word)	  summary	  to	  Astrid	  by	  July	  15,	  2016.	  	  We	  understand	  that	  the	  abstract	  
in	  the	  book	  will	  not	  always	  accurately	  reflect	  the	  final	  detail	  in	  your	  actual	  
presentation	  or	  that	  you	  may	  not	  wish	  to	  include	  some	  scientific	  details	  of	  
unpublished	  work.	  	  

2]	  If	  you	  would	  like	  to	  publish	  an	  original	  research	  paper	  in	  this	  volume	  related	  to	  
your	  presentation	  (though	  not	  necessarily	  identical),	  please	  submit	  your	  
manuscript	  to	  Gene	  (http://www.journals.elsevier.com/gene/)	  by	  July	  15,	  2016,	  
along	  with	  suggestions	  for	  appropriate	  reviewers.	  When	  submitting	  be	  sure	  to	  
select	  under	  “choose	  article	  type”	  the	  option	  for	  the	  special	  issue	  (SI	  RNA	  
polymerases	  I,III,IV,	  &V).	  	  Similarly,	  short	  communications	  and	  long	  or	  short	  
review	  articles	  on	  the	  topic,	  as	  well	  as,	  methodology	  reports	  are	  encouraged	  and	  
desired,	  though	  it	  would	  be	  best	  to	  check	  with	  Astrid	  as	  to	  the	  topic	  beforehand	  
to	  avoid	  substantial	  overlap.	  For	  examples,	  see	  the	  2012	  and	  2016	  Special	  editions	  
http://www.sciencedirect.com/science/journal/03781119/526/1.	  	  Details	  on	  
format	  can	  be	  found	  here:	  
http://www.elsevier.com/wps/find/journaldescription.cws_home/506033/author
instructions.	  However,	  if	  you	  have	  any	  questions	  feel	  free	  to	  contact	  Astrid	  
(aengel@tulane.edu).	  

	  

Call for Papers Special Issue “Oddpols” 2016 To be 
edited by Astrid Engel (aengel@tulane.edu). [research papers, 
short reviews, short communications and methods] meeting review report: request 

for summaries of presentations The Deadline for Initial Submissions: 
July 15, 2016 Deadline for Final Revisions: September 15, 2016 Expected 
publication of Issue: December 2016* (* individual manuscripts will be available 
online earlier)	  	  

	  

     



Friday,  June  24    
  
3:00-7:00  pm   Registration  –  4th  floor  Rackham  Graduate  School  
  
5:00-7:00  pm   Opening  Reception  –  4th  floor  Rackham  Graduate  School  

Complimentary  event  sponsored  by  donations  from  the  Friends  of  
OddPols  

  
7:00-7:10  pm               David  Engelke:    Welcome  and  opening  remarks.  
         4th  floor  Amphitheater,  Rackham  Graduate  School    
         (all  oral  sessions  will  take  place  in  this  amphitheater)  
  
Plenary  Lecture  (David  Setzer,  chair)  
7:10-7:40  
pm  

David  Engelke  [1]   A  personal  history  of  pol  III  transcription  –  how  
we  got  here  from  the  ‘good  old  days’  

  
Session  1:  Disease  and  Development  I  (Nayef  Jarrous,  chair)     
7:50-    
8:10  pm    

Paul  Trainor  [2]  
  
  

The  role  of  RNA  Polymerase  I  and  III  subunits  in  
craniofacial  skeletogenesis  and  in  the  etiology  
and  pathogenesis  of  congenital  ribosomopathies  

8:10-    
8:30  pm  

Linda  F.  van  Dyk  [3]   Gammaherpesvirus  non-coding  RNAs  at  the  
interface  of  viral  pathogenesis  and  innate  
immune  sensing.  

8:30-    
8:50  pm  

Zheng  Wang  [4]   The  roles  of  SUMO  and  ubiquitin  in  Pol  III-
mediated  transcription  and  Pol  III-related  
neurodegenerative  diseases  

  
8:50-9:00  pm               Olivier  Gadal,  What  about  Toulouse  for  the  2018  OddPols  

conference  venue?  
  
9:00  pm-11:00  pm   Conversation  hours,  4th  floor  Rackham  Graduate  School  

Complimentary  event  sponsored  by  donations  from  the  Friends  of  
OddPols  

  
Front  Cover  Art:  Artistic  image  of  RNA  Polymerase  I  by  Tobias  Gubbey,  Christoph  Engel  and  Patrick  
Cramer.  Science  derived  from:  Engel  et  al.  (2013)  RNA  polymerase  I  structure  and  transcription  
regulation.  Nature  502:  650-655.  
Title  page:  Brf2,  a  TFIIB-like  core  transcription  factor  is  capable  of  sensing  the  redox  environment  of  the  
cell,  directly  regulating  the  transcriptional  output  of  RNA  Polymerase  III.  The  cover  art  highlights  the  redox  
sensing  role  of  Brf2  residue  C361,  represented  as  a  red  sphere,  and  its  critical  position  in  a  model  of  a  
closed  RNA  Polymerase  III  pre-initiation  complex.  RNA  polymerase  III  is  represented  in  wheat,  the  N-
terminal  and  C-terminal  domains  of  Brf2  are  in  green  and  orange,  respectively,  and  TBP  is  in  magenta.  
The  DNA  template  stand  is  in  light  blue  while  the  DNA  non-template  strand  is  in  blue.  By  Alessandro  
Vannini.  
Back  Cover  Art:  Cryo-EM  structure  of  transcribing  RNA  polymerase  III  in  ribbon  representation  by  Niklas  
Hoffmann  and  Christoph  Mueller.  Pol  III  subunits,  DNA  and  RNA    are  coloured  according  to  Hoffmann  et  
al.,  Molecular  structures  of  unbound  and  transcribing  RNA  polymerase  III,  Nature,  528,  231-236  (2016).  
Conference  program  poster  and  campus  map  designed  by  Irene  Guzman  Benito.  
     

AGENDA



Saturday,  June  25    
  
8:00-9:00  am   Registration  –  4th  floor  Rackham  Graduate  School  
  
8:00-9:00  am   Continental  Breakfast,  4th  floor  Rackham  Graduate  School  
  
Session  2:  Disease  and  Development  II  (Rich  Maraia,  chair)  
9:00-    
9:20  am  

Chun-Yuan  Chen  [5]   Maf1  promotes  the  induction  of  embryonic  stem  
cells  into  mesoderm  and  the  terminal  
differentiation  of  adipocytes  

9:20-    
9:40  am  

Bruce  A.  Knutson  [6]   Disruption  of  RNA  polymerase  I/III  complex  
integrity  in  the  craniofacial  disorder  Treacher  
Collins  syndrome  

9:40  -
10:00  am  

Marikki  Laiho  [7]   Targeting  of  RNA  Polymerase  I  activates  a  
novel  transcription  elongation  checkpoint  

10:00-  
10:20  am  

Amy  E.  Merrill  [8]   Regulating  ribosomal  DNA  transcription  to  
maintain  osteoprogenitor  cells  

10:20-  
10:40  am  

Keith  E  Giles  [9]   Differential  tRNA  gene  transcription  during  the  
directed  differentiation  of  pluripotent  stem  cells  

  
10:40-11:00  am   20  min  coffee  break  
  
Session  3:  Disease  and  Development  III  (Astrid  Engel,  chair)  
11:00-  
11:20  am  

Katherine  M.  Hannan  
[10]  
  

Combination  therapy  targeting  ribosome  
biogenesis  and  mRNA  translation  provides  a  
novel  and  potent  therapeutic  approach  to  treat  
MYC  driven  malignancy  

11:20-  
11:40  am  

Elaine  Sanij  [11]   Targeting  ribosome  biogenesis  as  a  novel  
therapeutic  strategy  for  ovarian  cancer  

11:40-  
12:00  pm  

Piergiorgio  Percipalle  
[12]  

In  β-actin  knockouts  epigenetic  reprogramming  
and  rDNA  transcription  inactivation  lead  to  
growth  and  proliferation  defects  

12:00-  
12:20  pm  

X.F.  Steven  Zheng  [13]   Mechanism  of  MAF1  as  a  tumor  suppressor  in  
hepatocellular  carcinoma  

12:20-  
12:40  pm  

Shuping  Zhong  [14]   Elucidating  a  common  mechanism  of  alcohol-
associated  human  cancers  

  
12:40-2:00  pm   Lunch,  4th  floor  Rackham  Graduate  School  
  
2:00-4:00  pm   Poster  Session,  4th  floor  Rackham  Graduate  School  
  
4:00-9:00  pm   FREE  TIME  
  
9:00  pm-11:00  pm   Conversation  hours,  4th  floor  Rackham  Graduate  School  

Complimentary  event  sponsored  by  donations  from  the  Friends  of  
OddPols  

  

AGENDA



Sunday,  June  26    
  
8:00-9:00  am   Continental  Breakfast,  4th  floor  Rackham  Graduate  School  
  
Session  4:  Chromatin  I  (David  Schneider,  chair)  
9:00-    
9:20  am  

Tom  Moss  [15]   A  combination  of  genetics,  biochemistry  and  
deep  sequencing  provides  new  insights  into  
mammalian  rRNA  gene  chromatin  and  silencing  

9:20-    
9:40  am  

Bouvet  Philippe  [16]   Nucleolin  is  a  key  protein  required  for  the  
transcription  of  genes  involved  in  cell  division  
and  proliferation  

9:40-    
10:00  am  

Austen  R.  D.  Ganley  
[17]  

The  ribosomal  RNA  gene  repeats  impact  the  
fidelity  of  chromosome  segregation  in  yeast  

10:00-  
10:20  am  

Ross  Hannan  [18]   Long-range  rDNA-genomic  interactions  
regulate  RNA  Polymerase  II  gene  programs  
during  malignant  transformation:  implications  
for  nucleolar  control  of  malignant  progression  

10:20-  
10:40  am  

Sui  Huang  [19]   Pol  I  transcription  and  nucleolar  structure  play  
key  roles  in  nuclear  organization  

  
10:40  -  11:00  am   20  min  coffee  break  
  
Session  5:  Chromatin  II  (Nouria  Hernandez,  chair)  
11:00-    
11:20  am  

Pierre  Chymkowitch  
[20]  

Nutrient  availability  shapes  the  Sumo  proteome  
to  control  tRNA  synthesis  by  RNA  polymerase  
III  

11:20-  
11:40  am  

Masayuki  Tsuzuki  [21]   Profiling  and  characterization  of  microRNAs  in  
the  liverwort,  Marchantia  polymorpha  

11:40-    
12:00  pm  

Ken-ichi  Noma  [22]   Condensin-mediated  associations  among  RNA  
polymerase  III-transcribed  genes  

12:00-    
12:20  pm  

Magdalena  Boguta  [23]   Global  analysis  of  transcriptionally  engaged  
yeast  Pol  III  reveals  unequal  distribution  of  
polymerase  on  transcription  units  and  extended  
tRNA  transcripts  

12:20-  
12:40  pm  

Kevin  Ryan  [24]   Coligo-Seq  reveals  the  secondary  structure  
determinants  of  promoter-  independent  RNA  
Polymerase  III  initiation  on  circularized  
oligonucleotides  

  
12:40-2:00  pm   Lunch,  4th  floor  Rackham  Graduate  School  
     

AGENDA



Session  6:      Silencing  (Larry  Rothblum,  chair)  
2:00-    
2:20  pm  

Rebecca  A.  Mosher  
[25]  

The  Argonaute-binding  platform  of  NRPE1  
evolves  through  modulation  of  intrinsically  
disordered  repeats  

2:20  -
2:40  pm  

Andrzej  T.  Wierzbicki  
[26]  

Role  of  Long  Noncoding  RNA  in  RNA-Directed  
DNA  Methylation  

2:40-  
3:00  pm  

Xin-Jian  He  [27]   Pol  V  mediates  transcriptional  silencing  by  a  
mechanism  that  is  different  from  RNA-directed  
DNA  methylation  

3:00-  
3:20  pm  

Kaushik  Panda  [28]  
  

RNA  Polymerase  V  is  the  key  effector  protein  
mediating  epigenetic  silencing  of  full-length  
active  transposable  elements  

3:20-  
3:40  pm  

Jeffrey  S.  Smith  [29]   RNA  Polymerase  I  and  Fob1  contributions  to  
transcriptional  silencing  at  the  yeast  rDNA  locus  

3:40-  
4:00  pm  

Gireesha  Mohannath  
[30]  

Chromosome-specificity  of  NOR  inactivation:  
rRNA  genes  of  Arabidopsis  NOR2  escape  
silencing  upon  multimegabase  locus  conversion  
of  NOR4  

  
4:00-4:20  pm   20  min  coffee  break  
  
Session  7:  RNA  processing  (Rebecca  A.  Mosher,  chair)  
4:20-  
4:40  pm  

Susan  J.  Baserga  [31]   Discovery  of  mammalian  regulators  of  ribosome  
biogenesis  

4:40-  
5:00  pm  

Nayef  Jarrous  [32]   Identification  of  tRNA  processing  activities  in  
initiation  complexes  of  RNA  polymerase  III  

5:00-  
5:20  pm  

Maral  Halladjian  [33]   Role  Of  The  Rpf2/Rrs1  Heterodimer  In  The  
Coupling  Between  RNA  Polymerase  I  
Transcription  And  Pre-ribosome  Maturation  In  
Yeast  

5:20-  
5:40  pm  

David  A.  Schneider  [34]   Ribosomal  DNA  sequence  influences  
transcription  elongation  efficiency  and  pre-  
rRNA  processing  

  
5:40-9:00  pm   FREE  TIME  
  
9:00  pm-11:00  pm   Conversation  hours*,  4th  floor  Rackham  Graduate  School  

Complimentary  event  sponsored  by  donations  from  the  Friends  of  
OddPols  

  

     

AGENDA



Monday,  June  27      
  
8:00-9:00  am     Continental  Breakfast,  4th  floor  Rackham  Graduate  School  
  
Session  8:  Structure  and  function  I  (Debbie  Johnson,  chair)    
9:00-  
9:20  am  

Christoph  W.  Müller  
[35]  

Structural  basis  of  RNA  polymerase  I  and  III  
transcription  

9:20-  
9:40  am  

Herbert  Tschochner  
[36]  

Minimal  functional  and  structural  requirements  
for  Pol  I  to  transcribe  promoter-  dependent  
rDNA  in  vitro  

9:40-  
10:00  am  

Tommy  Darrière  [37]   Study  of  the  Saccharomyces  cerevisiae  RNA  
Polymerase  I:  role  of  specific  subunits  

10:00-  
10:20  am  

Simon  Neyer  [38]   Structure  of  RNA  polymerase  I  transcribing  
active  genes  

10:20-  
10:40  am  

Sean  P.  Curran  [39]   MAF1  activity  and  stability  is  regulated  by  the  
conserved  C-box  region  

  
10:40-11:00  am   20  min  coffee  break  
  
Session  9:  Structure  and  function  II  (Ian  Willis,  chair)  
11:00-  
11:20  am  

Seok-Kooi  Khoo  [40]   The  RNA  polymerase  III-specific  subunit  C82  
interacts  with  transcription  factor  Brf1  in  
transcription  initiation  

11:20-  
11:40  am  

Alessandro  Vannini  [41]   Molecular  basis  of  Brf2-dependent  RNA  
Polymerase  III  transcription  deregulation  and  
cancer  

11:40-  
12:00  pm  

Saurabh  Mishra  [42]   Role  of  the  non-template  strand  in  mechanism  
of  transcription  termination  by  RNA  polymerase  
III  

12:00-  
12:20  pm  

Richard  J.  Maraia  [43]   Active  site-controlled  mechanism  of  RNA  
polymerase  III  termination;;  fast  elongation  
mutants  make  more  tRNA  gene  transcripts  in  
vivo  

12:20-  
12:40  pm  

Michelle  R.  Marasco  
[44]  

Catalytic  properties  of  multisubunit  RNA  
polymerases  IV  and  V:  the  price  of  sequence  
divergence,  relative  to  Pol  II,  on  transcriptional  
accuracy  and  elongation  rate  

  
12:40-2:00  pm   Lunch,  4th  floor  Rackham  Graduate  School  
  
     

AGENDA



Session  10:  Activators  and  Repressors  I  (Olivier  Gadal,  chair)  
2:00-    
2:20  pm  

Oleksandr  Dergai  [45]   Mechanisms  of  selective  recruitment  of  RNA  
polymerases  II  and  III  to  snRNA  gene  
promoters  

2:20-    
2:40  pm  

R.  William  Henry  [46]   The  HEXIM1  repressor  of  P-TEFb  modulates  
transcription  of  its  7SK  snRNA  corepressor  
partner  by  RNA  polymerase  III  

2:40-    
3:00  pm  

Richoo  B.  Davis  [47]   The  Role  of  Protein  Arginine  Methylation  in  the  
Regulation  of  RNA  polymerase  III  Transcription  

3:00-  
3:20  pm  

William  E.  Stumph  [48]  
  

Assembly  of  SNAPc  and  TFIIIB  on  a  Drosophila  
U6  snRNA  gene  promoter  

  
3:20-3:40  pm   20  min  coffee  break  
  
Session  11:  Activators  and  Repressors  II  (Ross  Hannan,  chair)  
3:40-  
4:00  pm  

Nouria  Hernandez  [49]   MAF1  at  the  crosstalk  between  transcription  and  
translation  regulation  

4:00-  
4:20  pm  

Phillip  J.  Smaldino  [50]   Aggregation  and  amyloid  fiber  formation  by  Mod5  
is  affected  by  RNA  binding  

4:20-  
4:40  pm  

Meghdad  Yeganeh  [51]   Transcriptional  interference  by  RNA  polymerase  
III  regulates  expression  of  the  Polr3e  gene  

4:40-  
5:00  pm  

Marissa  L.  Smith  [52]   Molecular  architecture  of  RNA  Polymerase  I  
Upstream  Activating  Factor  resembles  a  hybrid  
nucleosome-like  core  structure  

  
5:15-11:00  pm    Banquet  –  Michigan  Union  Ballroom  

AGENDA



 
 
 
 
 
 

Posters 



Presenting  participant   Page  
number   Title  

Karine  Choquet   53   Mutations  in  Polr3a  and  Polr3b  variably  impair  mouse  
development  

Catherine  E.  Scull   54   Defining  the  contribution  of  the  A12  subunit  to  RNA  
polymerase  I  activity  

Andrew  Clarke   55   DNA  template  sequence  affects  RNA  polymerase  I  
elongation  kinetics  in  vitro  

Olivier  Gadal   56   3D  modelling  of  yeast  Saccharomyces  cerevisae  
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A"personal"history"of"pol"III"transcription"–"how"we"got"here"from"the"‘good"
old"days’"
!
David!R.!Engelke!
Department!of!Chemistry!and!Department!of!Biochemistry!and!Molecular!Genetics>!The!
University!of!Colorado!Denver!|!Anschutz!Medical!Campus,!Denver,!CO,!USA!
!
Over!the!last!four!decades!the!study!of!eukaryotic!gene!expression!has!leapt!from!
knowing!nearly!nothing!about!genome!organization!and!molecular!mechanisms!to!being!
infused!with!so!much!data!from!modern!technology!that!it!is!hard!to!integrate!it!into!a!
coherent!whole.!!One!cornerstone!of!this!progress!from!the!early!days!has!been!the!
study!of!how!RNA!polymerase!III!recognizes!genes,!how!it’s!small!RNA!products!are!put!
to!work!in!cells,!and!how!these!events!affect!and!regulate!the!rest!of!gene!expression!
events!in!the!nucleus!and!cytoplasm.!!!Starting!from!the!preLcloning!Stone!Age,!the!
presentation!will!follow!one!small!and!admittedly!subjective!thread!of!this!history,!twining!
the!biochemistry,!genetics!and!cell!biology!of!this!progress!as!experienced!by!one!
practitioner.!
!
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The role of RNA Polymerase I and III subunits in craniofacial skeletogenesis and 
in the etiology and pathogenesis of congenital ribosomopathies 

Paul Trainor* 
Stowers Institute for Medical Research, 1000 East 50th Street, Kansas City, MO 64110 
USA 

Ribosomes comprise large complexes that translate mRNA, thus synthesizing all the 
proteins within a cell. The process of making ribosomes, which is known as ribosome 
biogenesis occurs within the nucleolus and commences with the transcription of 
ribosomal RNAs (rRNAs) by RNA Polymerases I and III (RNA Pol I and III). Perturbation 
of any step in the process of ribosome biogenesis can lead to congenital disorders 
termed ribosomopathies. Given the global importance of ribosomes in all cells, it is 
remarkable that individual ribosompathies are characterized by tissue specific defects. 
This may reflect dynamic spatiotemporal activity of RNA Pol I and III and its subunits 
throughout development, or tissue specific threshold requirements for ribosome 
biogenesis during embryogenesis. Transcription of the 47S rRNA by RNA Pol I is 
considered one of the rate limiting steps of ribosome biogenesis, however the precise 
functional roles of RNA Pol I and III subunits remains to be determined. We have 
characterized the spatiotemporal activity and function of Polr1a, Polr1c and Polr1d 
during mouse and zebrafish embryogenesis.  Each of these genes is dynamically 
expressed during development and is essential for embryo survival. Homozygous 
Polr1a, Polr1c and Polr1d mutants exhibit perturbed ribosome biogenesis, deficient 
translation, p53 dependent apoptosis and loss of neural crest cells. Collectively this 
results in craniofacial malformations with or without limb skeletal defects. Interestingly 
inhibition of p53 can rescue these developmental defects. Integrating ribosome 
biogenesis with regulators of cartilage and bone formation may serve to couple and 
coordinate progenitor cell proliferation and survival with matrix production, growth and 
differentiation during skeletal development. Thus in parallel with ongoing analyses of 
Tcof1, our studies illustrate the critical importance of RNA Pol I and III subunits in 
ribosome biogenesis and embryonic development, as well as in the etiology and 
pathogenesis of ribosomopathy disorders such as Treacher Collins syndrome of 
Acrofacial dysostosis, Cincinnati type. 
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Gammaherpesvirus non-coding RNAs at the interface of viral pathogenesis and 

innate immune sensing.   

Eva Medina, Lauren Oko, Eric Clambey and Linda F. van Dyk*.  

Department of Immunology and Microbiology, University of Colorado School of 

Medicine, Aurora, CO, USA.  

Murid herpesvirus-4 contains eight polycistronic tRNA-microRNA encoded RNA 

(TMER) genes that bear strong similarity to the Epstein Barr virus EBERs and the 

adenovirus VAs.  The TMER genes encode polymerase III transcripts composed of 

tRNA-like leaders followed by stem-loop precursors of miRNAs.  While the TMERs are 

dispensable for virus production, they function in a miRNA-independent manner to 

promote acute viral pathogenesis in vivo. Because the TMER RNA products vary based 

on transcriptional regulation and enzymatic processing, we analyzed the TMER RNA 

species for 5’ triphosphate stability.  Using a pyrophosphatase and terminase protection 

assay, we found abundant 5’ triphosphate bearing TMERs that correspond to RIG-I 

bound TMERs identified within the same infected cells. TMERs were also abundantly 

associated with La/SSB during infection.  The association of RIG-I and La with the 

TMERs is consistent with published studies demonstrating their association with the 

EBERs; however, these observations have been at odds with demonstration of the 

nuclear localization of the EBERs.  Using RNA flow cytometry, we demonstrated that, 

like the EBERS, the TMERs are confined to the nucleus during latent infection; 

however, during virus reactivation and lytic infection, the TMERs are found in both 

nuclear and cytoplasmic compartments.  In total, these data identify multifunctional roles 

for gammaherpesvirus non-coding RNAs and implicate virus modulation of cellular 

RNA-binding proteins underlying the regulation of acute viral pathogenesis.  
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The roles of SUMO and ubiquitin in Pol III-mediated transcription and Pol III-related 
neurodegenerative diseases 

Zheng Wang1, Catherine Wu2, Aaron Aslanian1, Li Ma1, Mike French1, Vicki Zhou3, Annie 
Mak3, Jun Liu3, and Tony Hunter1 

1 Molecular and Cellular Biology Laboratories, The Salk Institute for Biological Studies, 10010 
N. Torrey Pines Road, La Jolla, CA 92037 
2 Harvard University, Cambridge, MA 02138 
3 Genomics Institute of the Novartis Research Foundation, 10675 John Jay Hopkins Drive, San 
Diego, CA 92121 

Post-translational modifications by SUMO and ubiquitin target a large number of proteins in 
almost all cellular pathways. However, the significance of SUMOylation/ubiquitylation on their 
target proteins is hard to determine, given the fact that abolishment of these modifications on a 
particular substrate very often causes no phenotype. Therefore, phenotype-based genetic 
approaches are needed in order to efficiently identify genes/pathways for which SUMO/Ub is 
functionally important. To address this issue, we designed a reverse suppressor screen in budding 
yeast, Saccharomyces cerevisiae, looking for lethal/sick mutations that can be rescued by partial 
loss of SUMOylation. As anticipated, the screen identified mutations in the SUMO pathway 
components (SMT3, AOS1, and ULP2) and a known SUMO target, MOT1. Strikingly, the 
remaining mutated genes identified are all in the RNA polymerase III (Pol III) machinery, 
including two Pol III subunits (RPC160 and RPC128), one TFIIIB subunit (BRF1), and two 
TFIIIC subunits (TFC1 and TFC6). These mutations cause severe defects in cellular growth and 
tRNA transcription, both of which can be rescued by inhibiting SUMOylation. Surprisingly, the 
same Pol III mutant defects can also be rescued by inhibiting ubiquitylation. Our data showed 
that SUMO represses Pol III-mediated transcription, at least in part, by modifying a Pol III 
subunit, Rpc53. SUMOylated Rpc53 subsequently recruits the Slx5-Slx8 ubiquitin E3 ligase 
complex (also known as the SUMO-Targeted Ubiquitin E3 Ligase, STUbL) to tRNA genes. 
Although the critical ubiquitylated protein is yet to be identified, current data indicate that the in 
vivo function of Pol III is regulated by SUMO and ubiquitin in a cooperative manner. More 
importantly, mutations in Pol III were recently found to cause two types of neuronal 
degenerative diseases in humans. When testing in yeast, we found that the defects caused by 
some of the disease mutations can be rescued at least partially by inhibiting SUMOylation, 
suggesting the SUMO and/or the ubiquitin pathway is a potential therapeutic target for the 
disease. Current efforts are focused on testing this hypothesis using patient-derived fibroblasts, 
and screening for small-molecule inhibitors against SUMO/ubiquitin as a potential treatment for 
patients harboring Pol III mutations. 
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Maf1%promotes%the%induction%of%embryonic%stem%cells%into%mesoderm%and%the%
terminal%differentiation%of%adipocytes%
!
Chun&Yuan!Chen1,3,!Wen&Hsuan!Chang2,!Wange!Lu2,!and!Deborah!L.!Johnson3!
!
1Department! of! Biochemistry! and! Molecular! Biology,! University! of! Southern!
California,!Los!Angeles,!CA!
2Eli!and!Edythe!Broad!Center! for!Regenerative!Medicine!and!Stem!Cell!Research,!
University!of!Southern!California,!Los!Angeles,!CA!
3Department! of! Molecular! and! Cellular! Biology! and! the! Dan! L.! Duncan! Cancer!
Center,!Baylor!College!of!Medicine,!Houston,!TX!
!
!!!!!Maf1!represses! transcription! from!select!RNA!polymerase!(pol)! II&!and!RNA!pol!
III&dependent! genes! (Johnson! et.$ al.,! Mol% Cell,! 2007).! ! Our! previous! studies!
demonstrated!that!Maf1!functions!as!a!tumor!suppressor!and!it!negatively!regulates!
intracellular! lipid! accumulation! (Palian! et.$ al.,! PLoS% Genetics,! 2014).! ! Together,!
these! results! identify! Maf1! as! an! important! link! between! metabolism! and! cancer.!!
However,! a! potential! biological! role! for! Maf1! in! early! development! and! cellular!
differentiation!has!not!yet!been!examined.!!
!
!!!!!Maf1!expression!was!analyzed!in!human!and!mouse!embryonic!stem!(ES)!cells!
and!their!differentiation!into!embryoid!bodies!(EBs).!Maf1!protein!expression!is!high!
in! ES! cells,! and! markedly! reduced! during! their! differentiation! into! EBs.! This!
corresponded! with! a! reciprocal! change! in! the! amounts! of! RNA! pol! III&generated!
transcripts.!We!further!examined!whether!Maf1!was!required!for!the!two!properties!of!
ES! cells,! self&renewal! and! pluripotency.!Maf1! knockdown! did! not! affect!mES! self&
renewal! or! proliferation.! However,! analysis! of! markers! associated! with! the! three!
germ!layers!in!EBs!showed!that!alterations!in!Maf1!expression!significantly!affected!
mesoderm&associated! genes.! These! results! indicate! that! Maf1! is! important! for!
driving!mES!cell!induction!into!mesoderm.!As!Maf1!negatively!regulates!intracellular!
lipid! accumulation,! and! adipocytes! are! a! derivative! of! the! mesoderm! lineage,! we!
examined! whether! Maf1! was! required! for! adipogenesis.! mES! cells,! 3T3&L1! pre&
adipocytes,! and! Maf1*/*! MEFs! were! programmed! to! terminally! differentiate! into!
adipocytes.! Maf1! knockdown! in! either! mES! or! 3T3&L1! cells! resulted! in! enhanced!
RNA! pol! III&dependent! transcription,! reduced! expression! of! pro&adipogenic! genes,!
C/EBPα! and! PPARγ! and! FABP4,! and! compromised! adipocyte! formation.! While!
Maf1*/*! MEFs! were! impaired! for! adipocyte! formation,! ectopic! Maf1! expression!
enhanced! adipocyte! differentiation,! correlating! with! an! increase! in! pro&adipogenic!
gene!expression!and!a!decrease!in!RNA!pol!III&mediated!transcription.!Given!that!we!
observed!a! repression!of!RNA!pol! III&dependent! transcription!during!differentiation,!
we! examined! whether! selectively! inhibiting! this! process! could! drive! adipogenesis.!
Treatment! of! 3T3L1! cells! with! the! RNA! pol! III! ML&60218! inhibitor! resulted! in! a!
significant!increase!in!pro&adipogenic!gene!expression!and!adipocyte!differentiation.!
Together,!our!findings!reveal!a!novel!and!unexpected!role!for!Maf1!and!RNA!pol!III&
dependent!transcription!in!lineage!specification.!These!results!and!our!previous!work!
support!a!model! in!which!Maf1!promotes! formation!of!mesoderm!and! it! drives! the!
terminal! differentiation! of! adipocytes.! ! Maf1! then! serves! to! negatively! control!
intracellular!lipids!to!regulate!lipid!homeostasis.!Our!current!work!is!further!identifying!
the!Maf1!targeted!genes!that!mediate!its!function!in!these!processes.!
!
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Disruption of RNA polymerase I/III complex integrity in the craniofacial disorder Treacher Collins 
syndrome  

Gianno Pannafino1,2, Paola Morocho1, Nancy Walker-Kopp1, Xia Xu1, Bruce A. Knutson1 

1SUNY Upstate Medical University, Department of Biochemistry and Molecular Biology, Syracuse, NY 
13210, USA 
2Le Moyne College, Department of Biology, Syracuse, NY 13214, USA 

Every year there are 8 million children born with congenital birth defects, and approximately one third of 
these defects are craniofacial deformities.  Although rare, Treacher Collins syndrome (TCS) is one of the 
most severe craniofacial disorders, and is characterized by underdevelopment of the facial bones.  
Previous studies have revealed that mutations to three RNA polymerase I (Pol I) pathway genes (eg. 
TCOF1, POLR1C and POLR1D) cause TCS.  POLR1C and POLR1D encode two essential Pol I/III 
subunits that are evolutionarily conserved from yeast to humans.  A majority of the TCS mutations lie 
within a conserved and essential hetero-dimerization interface between POLR1C and POLR1D, and are 
predicted to disrupt their interaction, thereby preventing Pol I/III assembly and reducing ribosome 
production.  We used the yeast model system and a combination of molecular genetics and biochemistry 
to determine how TCS mutations in the yeast POLR1D ortholog AC19 affect Pol I/III assembly and 
function.  We also present findings from parallel studies in the human Pol I system.  Here we present a 
new model for how TCS-mutations disrupt Pol I/III complex integrity that challenges the current molecular 
paradigm for TCS. 
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TARGETING OF RNA POLYMERASE I ACTIVATES A NOVEL TRANSCRIPTION 
ELONGATION CHECKPOINT 

Ting Wei1, Karita Peltonen1, Hester Liu2, Saman Najmi3, Paul Sirajuddin2, Humera 
Khan2, David Schneider3, Marikki Laiho1,2 1Centre for Drug Research, University of 
Helsinki, Helsinki, 00014, Finland; 2Department of Radiation Oncology and Molecular 
Radiation Sciences and Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins 
University School of Medicine, Baltimore, MD 21231, USA; 3Department of Biochemistry 
and Molecular Genetics, University of Alabama, Birmingham, AL 35294, USA 

Attempts to exploit Pol I as a target for cancer therapies are scarce. We have discovered 
a first-in-class small molecule pyridoquinazolinecarboxamide (BMH-21) that rapidly and 
specifically inhibits Pol I transcription. BMH-21 has wide and potent anticancer activity 
across cancer cell lines and represses tumor growth in mouse cancer models, yet is well 
tolerated. Using BMH-21, we have discovered a new regulatory checkpoint that monitors 
Pol I transcription and culminates in the degradation of the Pol I catalytic subunit 
RPA194. We have proposed that BMH-21 cancer selectivity depends on the deregulated 
Pol I transcription rates. Based on our data we hypothesize that Pol I is highly vulnerable 
to elongation stress, which activates a checkpoint leading to the degradation of RPA194. 
In support, we show that blocking transcription initiation by silencing the Pol I 
preinitiation complex factors prevents RPA194 degradation by BMH-21. Using a fully 
reconstituted transcription assay for Pol I we show that BMH-21 prominently reduces Pol 
I elongation kinetics and induces site specific pausing. RPA12 is an integral component 
of Pol I governing RNA cleavage and polymerase backtracking. To assess its role in 
checkpoint activation, we depleted RPA12 and found that this reduced the abundance of 
RPA194 and abrogated the BMH-21 mediated response. Thus, depletion of RPA12 
perturbed the checkpoint control of Pol I activity. We further tested the conservation of 
the checkpoint in the yeast. First, we found that BMH-21 treatment decreased the 
viability of S. cerevisiae and resulted in degradation of the yeast A190. We further 
observed resistance of the rpa12 deletion mutant to BMH-21 whereas deletion of the 
corresponding gene of Pol II TFIIS, dst1, did not display resistance. These data 
demonstrate that the pathways that monitor rRNA synthesis by BMH-21 are at least 
partially conserved between yeast and mammals. These data further show that Pol I is a 
direct target of BMH-21, and that RPA12 is a mediator of this effect. The mechanistic 
understanding of Pol I transcription regulation will support strategies seeking therapeutic 
control of deregulated rRNA synthesis in cancers. 
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Regulating ribosomal DNA transcription to maintain osteoprogenitor cells 

Cynthia L. Neben1, 2, Creighton T. Tuzon1, 2, Xiaojing Mao1, 2, and Amy E. Merrill 
*, 1,2 

1Center for Craniofacial Molecular Biology, Ostrow School of Dentistry, University 
of Southern California, Los Angeles, CA 
2Department of Biochemistry and Molecular Biology, Keck School of Medicine, 
University of Southern California, Los Angeles, CA 

Transcription of ribosomal DNA (rDNA) by RNA Pol I is dynamically regulated 
over cell ontogeny by signals that control self-renewal and differentiation. For 
example, differentiation signals induce stem and progenitor cells to down-
regulate relatively higher levels of rDNA transcription in order to produce their 
differentiated progeny (Larson et al., 1993; Poortinga et al., 2004).  Lineage-
specific transcription factors are known to directly initiate rDNA silencing by 
recruiting histone deacetylases and methyltransferases to command a 
heterochromatic switch (Ali et al., 2008).  In osteoprogenitor cells, this lineage-
specific factor is RUNX2, the master regulator of osteoblast differentiation 
(Young et al., 2007; Komoriet al., 1997).  While the tissue-specific factors that 
direct rDNA silencing in multiple committed cell-types are being revealed, the 
identities of the upstream regulators that establish and maintain active rDNA in 
stem and progenitor cells are largely illusive.    

We have identified the Fibroblast Growth Factor (FGF) signaling pathway as a 
direct activator of rDNA transcription in osteoprogenitor cells.  By studying the 
pathophysiology of Bent bone dysplasia syndrome (BBDS; MIM 614592), a 
congenital skeletal disorder deficient in osteoblasts despite a rich supply of 
osteoprogenitor cells, we recently discovered that FGF Receptor-2 (FGFR2) 
activates rDNA transcription from within the nucleolus (Merrill et al., 2012; Neben 
et al., 2014).  Our results showed that, in osteoprogenitor cells, FGFR2 occupies 
the rDNA promoter where it interacts with FGF2 and the RNA Pol I specific 
transcription factor UBF1 to limit transcriptional repression by RUNX2.  We found 
that the FGFR2 mutations in BBDS enhance the receptor’s nucleolar localization 
and further augment this activity. Correspondingly, bone tissue from BBDS 
patients showed significantly increased levels of pre-rRNA compared to stage-
matched controls.  By employing the BBDS mutations, we demonstrated that 
FGFR2-mediated activation of rDNA transcription is sufficient to hold 
osteoprogenitor cells in a self-renewing state that resists signals for osteoblast 
differentiation.  While little is known about the nuclear function of FGFR2, our 
follow-up studies strongly suggest that the receptor specifically activates silent 
but permissive (poised) rRNA genes through the B-WICH complex and the 
histone acetyltransferase P300. This studying of a rare skeletal birth defect 
reveals a new link between rDNA transcription and osteoprogenitor cell 
maintenance.       
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Differential tRNA gene transcription during the directed differentiation of pluripotent 

stem cells (talk). 

 

Woolnough JL1, Giles KE1 

1The University of Alabama at Birmingham, Department of Biochemistry and Molecular 

Genetics, Birmingham, AL, 35294-0024 

 

Transfer RNAs (tRNAs) have historically been appreciated for their essential role in protein 

synthesis, but tRNA genes regulate a host of cellular functions such as Pol II-dependent 

transcription, long-range chromatin interactions and the spread of heterochromatin. Thus, it is 

not surprising that tRNA expression is dynamic during embryonic development or that abnormal 

tRNA expression occurs in several diseases. Despite the importance of tRNA gene expression 

to cell physiology, the mechanism by which tRNA genes are differentially expressed is not well 

understood.   We assessed the binding of Pol III in human embryonic stem cells (hESCs) before 

and after directed differentiation to endoderm via ACTIVIN A treatment.  Analysis of significant 

changes in Pol III binding to tRNA genes within 48 hours revealed 25 upregulated and 22 

downregulated tRNA genes.  Interestingly, this binding did not correlate with changes to TFIIIB 

or TFIIIC.  However, Pol III binding in hESCs was dependent upon the SMAD2/3/4 

heterotrimeric complex.  We demonstrate the impact of differential tRNA gene transcription on 

both the chromatin structure and RNA levels of nearby Pol II-transcribed genes.  To understand 

the relationship between tRNA gene transcription and ribosome function we measured the 

overall translation efficiency of each codon in H9 ESCs and HEK293T cells using ribosome 

profiling (ribo-seq).  We demonstrated the effect of altered anticodon levels on translation 

efficiency of the corresponding codons.  The overall impact of the differential tRNA gene 

transcription to the proteome and cellular physiology will be discussed.       
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Combination therapy targeting ribosome biogenesis and mRNA translation 
provides a novel and potent therapeutic approach to treat MYC driven 
malignancy. 
 
Jennifer R. Devlin1, Richard J. Rebello2, Katherine M. Hannan5, Carleen Cullinane1, 
Denis Drygin3, Luc Furic2, *Ross D. Hannan1,2,4,5 and Richard B. Pearson1,4 

 
1Division of Research, Peter MacCallum Cancer Centre, East Melbourne, Victoria, 
3002, Australia; 2Department of Biochemistry and Molecular Biology, Monash 
University, Clayton, Victoria, 3168, Australia; 3Pimera Inc., San Diego, CA, USA; 4Sir 
Peter MacCallum Department of Oncology, University of Melbourne, Parkville, 
Victoria, 3052, Australia and 5Department of Cancer Biology and Therapeutics, John 
Curtin School of Medical Research, ACT, 2601 Australia. 
 
MYC-driven malignancies are associated with elevated rates of ribosome biogenesis 
and mTORC1/eIF4E-driven protein synthesis suggesting they may be vulnerable to 
therapeutic strategies that target the ribosome. We investigated the therapeutic 
efficacy of targeting multiple nodes of the network controlling the ribosome in mouse 
models of MYC-driven lymphoma (Eµ-Myc) and prostate cancer (HI-MYC). 
Simultaneous inhibition of ribosomal RNA synthesis and repression of protein 
translation was achieved by utilizing the novel RNA polymerase I inhibitor CX-5461 
and PI3K/AKT/mTORC1 and PIM 1 signaling inhibitors.  
 
Combined inhibition of ribosome biogenesis and function significantly improved 
therapeutic outcomes in lymphoma and prostate cancer models. CX-5461 and 
Everolimus (mTORC1 inhibitor) co-treatment more than doubled the survival of Eµ-
Myc lymphoma-bearing mice. While both classes of inhibitor suppress rDNA 
transcription, they treat MYC-driven malignancy through distinct molecular 
mechanisms facilitating their combinatorial effects. In contrast to CX-5461, 
PI3K/AKT/mTOR pathway inhibitors did not activate a nucleolar stress response and 
p53-dependent apoptosis but instead induced B-lymphoma cell death via the 
upregulation of the BH3-only protein BMF (Devlin et al Cancer Discovery 2015). PIM 
kinase has been shown to regulate eIF4E driven protein synthesis on prostate cancer 
cell lines. Co–treatment of HI-MYC mice with CX-5461 and the PIM kinase inhibitor 
CX-6258 reverted highly invasive disease to low-grade prostate intraepithelial 
neoplasia. 
 
These findings demonstrate that MYC driven tumors are addicted to multiple 
regulatory steps associated with ribosome synthesis and function and coordinated 
targeting of these addictions provides an effective new therapeutic approach to treat 
MYC driven cancers.  
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Targeting ribosome biogenesis as a novel therapeutic strategy for ovarian cancer  
 
Elaine Sanij1,2, Katherine M. Hannan3,4, Jaclyn Quin1, Jessica Ahern1, Jinbae Son1,3,5, 
Karen E Sheppard1,3, Ross D Hannan1,3,4,5 and Richard B Pearson1,3,5 
 
1Research	Division,	Peter	MacCallum	Cancer	Centre,	East	Melbourne,	Victoria	3002,	Australia.2Department	of	Pathology,	
University	 of	 Melbourne,	 Parkville,	 Victoria	 3010,	 Australia.	 3Department	 of	 Biochemistry	 and	 Molecular	 Biology,	
University	of	Melbourne,	Parkville,	Victoria	3010,	Australia.	 4Department	of	Cancer	Biology	and	Therapeutics,	The	John	
Curtin	School	of	Medical	Research,	Australian	National	University,	Australia	Capital	Territory	2600,	Australia.	5Sir	Peter	
MacCallum	Department	of	Oncology,	University	of	Melbourne,	Parkville,	Victoria	3010,	Australia.	
 
We have demonstrated that targeting ribosome biogenesis using a novel small 
molecule inhibitor of RNA polymerase I (Pol I) (CX-5461) can selectivity kill 
malignant cells in vivo1. CX-5461 is currently in first-in-class, phase 1 clinical trial in 
patients with haematological malignancies (Peter Mac). Very recently we have shown 
that the potency of CX-5461 in inhibiting ribosome biogenesis and killing cancer cells 
is significantly enhanced in combination with PI3K pathway inhibitors2.  

Given that a high proportion of ovarian cancers (OVCA) exhibit dysregulation of the 
pathways that control ribosome biogenesis including the PI3K signaling pathway, the 
RAS/MEK/ERK pathway and the MYC transcription network, we propose that 
targeting this process will provide a novel therapeutic approach in OVCA. Thus, we 
profiled the sensitivity of a panel of ovarian cancer cell lines to inhibition of Pol I 
transcription. CX-5461 mediates cell death and/or senescence independent of p53 
status. Remarkably, our preliminary data suggest that increased active rDNA 
chromatin state and not rDNA transcription rate per se underlies OVCA cell’s 
sensitivity to CX-5461-mediated cell death. Furthermore, pharmaco-genomic analysis 
of OVCA cell lines’ response to CX-5461 demonstrates that sensitivity to CX-5461 
correlates with a DNA damage gene signature. Importantly, our data show that 
inhibiting DNA damage repair with targeted therapies using DNA damage response 
pathway inhibitors enhances the efficacy of CX-5461 against OVCA. 

In addition, we show that in minimally immortalised human fibroblasts, CX-5461 can 
also induce a p53-independent G2 checkpoint mediated by ATM/ ATR pathway 
activation in the absence of DNA damage (Manuscript under revision). Our data 
demonstrate that the combination of drugs targeting ATM/ATR signaling and CX-
5461 leads to enhanced therapeutic benefit in treating p53-null tumours in vivo, which 
are normally refractory to each drug alone. Mechanistically, we show that CX-5461 
induces an unusual chromatin structure in which transcriptionally competent relaxed 
rDNA repeats are devoid of transcribing Pol I leading to activation of ATM signaling 
within the nucleoli. Thus, we propose that acute inhibition of Pol transcription 
initiation induces a novel nucleolar stress response that can be targeted to improve 
therapeutic efficacy.  

 
References: 
1. Bywater, M.J. et al. Inhibition of RNA polymerase I as a therapeutic strategy 

to promote cancer-specific activation of p53. Cancer cell 22, 51-65 (2012). 
 
2. Devlin, J.R. et al. Combination therapy targeting ribosome biogenesis and 

mRNA translation synergistically extends survival in MYC-driven lymphoma. 
Cancer Discov (2016). 
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In β-actin knockouts epigenetic reprogramming and rDNA transcription 
inactivation lead to growth and proliferation defects 
1Bader Almuzzaini, 1,4Aishe A. Sarshad, 1Aldwin S. Rahmanto, 1Magnus L. 
Hansson, 2Anne Von Euler, 1Olle Sangfelt, 2Neus Visa, 2Ann-Kristin Östlund Farrants 
and 3Piergiorgio Percipalle* 

 
1Department of Cell and Molecular Biology (CMB), Karolinska Institute, Box 285, SE-
171 77 Stockholm, Sweden 
2Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm 
University, SE-106 91 Stockholm, Sweden 
3Biology Program, New York University Abu Dhabi (NYUAD), P.O. Box 129188, Abu 
Dhabi, United Arab Emirates 
 

Actin has emerged as key regulator of nuclear structure and function. Actin is 
involved in chromatin remodeling and histone modifications, in different phases of gene 
transcription by eukaryotic RNA polymerases and it is co-transcriptionally assembled 
into nascent ribonucleoprotein complexes (RNP). There is also evidence that actin is a 
component of ribosomal subunits. Recent reports have also highlighted that nuclear 
actin undergoes regulated polymerization and this may be linked to nuclear 
reprogramming and DNA repair mechanisms. 

To start evaluating how actin performs its function in transcription, we applied a 
genome-wide analysis based on chromatin immunoprecipitation and deep sequencing 
(ChIP-Seq). We found that β-actin interacts with intergenic and genic regions across the 
mammalian genome, and associates with protein-coding genes and rRNA genes. Within 
the rDNA the distribution of β-actin correlated with that of nuclear myosin 1c (NM1) and 
the other subunits of the B-WICH complex, WSTF (Williams syndrome transcription 
factor) and the remodeler SNF2h (Sucrose non fermented 2h). However, addressing the 
precise function of actin in transcription has been slowed down by the lack of an 
experimental system to perform nuclear actin loss-of-function experiments in living cells. 
Studies on mouse embryonic fibroblasts (β-actin-/-MEFs) derived from an embryonic-
lethal β-actin knockout mouse recently demonstrated a unique nuclear function for β-
actin in gene expression. The β-actin-/-MEFs therefore provide for the first time the 
possibility to get mechanistic insights into the precise role of β-actin in transcription 
regulation. Indeed, in β-actin-/-MEFs, we found that rRNA synthesis levels decreased 
concomitantly with drops in Pol I and NM1 occupancies across the rRNA gene. 
Reintroduction of wild-type β-actin, in contrast to mutated forms with polymerization 
defects, efficiently rescued rRNA synthesis underscoring the direct role for a 
polymerization-competent form of β-actin in Pol I transcription. The rRNA synthesis 
defects in the β-actin-/-MEFs appear to be linked to a degree of epigenetic 
reprogramming with up-regulation of the repressive mark H3K4me1 and enhanced 
chromatin compaction at promoter-proximal enhancer (T0 sequence). We show that 
these chromatin modifications disturb binding of the transcription factor TTF1 at T0. 
Furthermore, the absence of β-actin impaired cell cycle progression and led to a 
deficiency in growth and proliferation. We therefore propose that the Pol I-associated β-
actin synergizes with NM1 to coordinate permissive chromatin with transcription, 
impacting the proliferative state of the cell.  
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Mechanism of MAF1 as a tumor suppressor in hepatocellular carcinoma 

 
X.F. Steven Zheng, Ph.D. 

Rutgers Cancer Institute of New Jersey 
Rutgers University 

195 Little Albany Street 
New Brunswick, NJ 08903 USA 

zhengst@rutgers.edu 
 
 
MAF1 is mainly known a transcriptional repressor of RNA polymerase (Pol) III. Recent 
evidence show that MAF1 also negatively regulates Pol II transcribed genes such as those 
involved in lipogenesis. In a large cohort of human hepatocellular carcinomas (HCCs), 
MAF1 expression is frequently reduced in tumors compared with adjacent non-cancerous 
tissues, which is correlated with disease progression and poor prognosis. Consistently, 
MAF1 displays tumor suppressor activity toward a wide range of in vitro and in vivo 
cancer models. Surprisingly, blocking Pol III activity is insufficient to fully explain 
MAF1’s tumor suppressor function. Although MAF1 is a substrate of mTORC1, MAF1 
down-regulation paradoxically leads to an increase in AKT-mTORC1 signaling, which is 
mediated by elevated expression of PTEN, a tumor suppressor and negative regulator of 
AKT-mTORC1 signaling. MAF1 binds to PTEN promoter, enhancing PTEN promoter 
acetylation and activity. Thus in contrast to its canonical function as a transcriptional 
repressor, our study indicates that MAF1 can act as a transcriptional activator for PTEN, 
which is important for MAF1’s tumor suppressor function.  
!

SPEAKER ABSTRACTS

13



 
Elucidating a common mechanism of alcohol-associated human cancers 

 
Qian Zhong1, Wen Li1, Daniel Levy2, Shuping Zhong2* 

 
1. Sun Yat-sen University, China; 2. University of Southern California, USA.  

 
        Alcohol has been classified as carcinogenic to humans. There are numerous 
target sites for alcohol-related carcinogenesis, including breast and liver. Is there a 
common mechanism, which mediates alcohol-associated cancer development in 
these organs? Cancer cells have a consistent cytological feature of nucleolar 
hypertrophy, where RNA Pol (polymerase-dependent) I and III genes are transcribed. 
RNA Pol III genes, such as tRNAs and 5S rRNAs, are transcribed and elevated in both 
transformed and tumor cells. Brf1 (TFIIB-related factor 1), a subunit of the TFIIIB complex, 
specifically regulates Pol III gene transcription.  

Our studies indicate that ethanol induces transcription of Pol III genes in HepG2-ADH 
cells compared to HepG2-vector cells, whereas ethanol dramatically increase the 
transcription in ER+ breast cancer cells (MCF-7) compared to ER- normal and cancer cells. 
The induction of Pol III genes in ER+ breast cancer cells is significantly higher than in 
HepG2-ADH cells. Alcohol increase ERD expression to enhance Brf1 expression, which 
may be an effect of organ specificity in breast tissue. We further found that ethanol 
increase transcription factors, TBP, Brf1 and Bdp1 expression in HepG2-ADH cells, 
whereas ethanol significantly enhances only Brf1 expression in MCF-7 cells. The 
alteration of ERα affects the expression of Brf1, but not TBP in MCF-7 cells. The signaling 
studies indicate that ethanol activates JNK1 in both liver and breast cells. Inhibition of 
JNK1 decreases the induction of Brf1 and Pol III genes by alcohol. Ethanol alone hardly 
induces transformation of liver (AML-12) and breast (MCF-10A) cells, whereas alcohol 
combining with EGF or E2 promotes AML-12 and MDF-10A cell transformation. A 
significant increase (~2.5 fold) in Brf1 and Pol III gene transcription are observed in the 
livers of wild type C57BL/6 mice fed with ethanol liquid diet, compared to the mice fed 
control diet. The wild type mice fed with ethanol displayed steatohepatitis, but do not have 
obvious inflammation, fibrosis or tumors. In contrast, alcohol promotes liver tumor 
formation in HCV NS5A transgenic mice. Brf1 and Pol III gene expression are dramatically 
enhanced in ethanol-fed HCV NS5A transgenic mice. More interestingly, human biopsies 
studies indicate that Brf1 is overexpressed in the cytoplasm of liver cancer, whereas Brf1 
expression is increased in nuclear domain of breast cancer cells. Overexpression of Brf1 
is associated with shorter survival time. Together, our studies indicate that alcohol 
induction of Brf1 and Pol III genes in liver and breast cells is through the JNK1 pathway, 
which may be a common mechanism of alcohol-associated cancer and bring about 
significant phenotypic changes.  

 
*:  Corresponding author: szhong@usc.edu. Tel: 626-628-7693 or 323-442-1141. 

    These studies supported by NIAAA grants: AA017288, AA021114 and AA023247 to 
Shuping Zhong. 
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A combination of genetics, biochemistry and deep sequencing provides new 
insights into mammalian rRNA gene chromatin and silencing. 
 
Tom Moss*, Jean-Clement Mars, Chelsea Herdman, Marianne Sabourin-Felix, Victor 
Stefanovsky and Michel Tremblay. 
 
Laboratory of Growth and Development, St-Patrick Research Group in Basic Oncology, 
Cancer Division of the Quebec University Hospital Research Centre. 
Department of Molecular Biology, Medical Biochemistry and Pathology, Faculty of 
Medicine, Laval University, Edifice St Patrick, 9 rue McMahon, Québec, QC, G1R 3S3, 
Canada. 
 
Transcription of the Ribosomal RNA (rRNA) genes accounts for the majority of RNA 
synthesis in the eukaryotic nucleus and is the source of all cytoplasmic ribosomes. 
Hence, these essential multicopy genes are transcribed at near saturation levels. 
Despite this, in most organisms including mammals many of the rRNA genes are silent 
in somatic cells, and many of them are packaged into heterochromatin. Analysis of 
rRNA synthesis, markers of gene activity and high-resolution mapping in cells 
conditional for key factors reveals the in vivo interdependence of transcription factor 
binding. The data further reveal an arrested polymerase complex that may provide 
insight into the mechanism of rRNA gene silencing, and the beginnings of an answer to 
the conundrum of why mammals appear to maintain an excess of rRNA genes. 
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Nucleolin is a key protein required for the transcription of genes involved in 
cell division and proliferation. 
 

Bouvet Philippe*

 

, Rong Cong, Sadhan Das, Helene Delage, Nicole Martinez and 
Fabien Mongelard 

Cancer Research Center of Lyon, Ecole normale Supérieure de Lyon, France  
 

Nucleolin (NCL) is a highly conserved protein in eukaryotes enriched in the nucleolar 
compartment. NCL depletion in the cell induces a quick stop of transcription by 
RNAPI and a fast stop of proliferation and cell division. NCL interacts with rDNA 
chromatin and is required for the maintenance of the euchromatin state and 
transcription elongation of rDNA. To better understand NCL function in cell 
proliferation, we performed a ChIP-seq analysis of NCL in HeLa cells and coupled 
this analysis with a transcriptomic study of the genes that are either up- or down 
regulated when the expression of NCL is repressed by siRNA. This integrative 
analysis of NCL ChIP-seq and microarray data show that NCL is present on the 
promoters of some of the genes that are up- or down-regulated in NCL depleted 
cells. A search for motif  identified the same 10 bp palindromic sequence enriched in 
both the top up- and down-regulated genes. This motif was previously identified in 
the promoters of genes involved in cell cycle regulation and protein synthesis. We 
have also developed a transgenic mouse model that allows the constitutive or 
inducible inactivation of the NCL gene. Using these models we show that NCL is an 
essential protein required for early embryonic development and in adult. 
Altogether, our data indicates that NCL is a key protein to coordinate the transcription 
by RNPAI and RNAPII of genes required for cell division and proliferation. 
 

SPEAKER ABSTRACTS

16



The$ribosomal$RNA$gene$repeats$impact$the$fidelity$of$
chromosome$segregation$in$yeast$

!
Daniela'M'Quintana'Rincon1,'Mathew'A'Woods1,'Megan'A'Schischka1,2,'Takehiko'Kobayashi3,'and'Austen'
R'D'Ganley1,2'
1.'Institute'of'Natural'and'Mathematical'Sciences,'Massey'University,'Auckland'0632,'New'Zealand'
2.'School'of'Biological'Sciences,'University'of'Auckland,'Auckland'1142,'New'Zealand'
3.'Institute'of'Molecular'and'Cellular'Biociences,'University'of'Tokyo,'Tokyo,'Japan'
!
The!ribosomal!RNA!genes!(rDNA)!are!a!distinguishing!feature!of!eukaryotic!genomes.!They!
encode!the!major!rRNA!components!of!the!ribosome,!are!organized!as!large!tandemArepeat!
arrays!that!form!distinctive!landmarks!on!the!chromosomes!they!reside!in,!and!are!
transcribed!within!the!nucleolus.!In!addition!to!their!primary!role!in!ribosome!biogenesis,!a!
number!of!other,!“extraAcoding”!roles!for!the!rDNA!have!been!documented.!Here,!we!tested!
the!hypothesis,!based!on!a!number!of!previous!observations,!that!the!rDNA!plays!a!role!in!
chromosome!segregation!fidelity.!To!test!this!hypothesis,!we!developed!a!chromosome!loss!
assay!that!determines!the!rate!of!chromosome!missegregation!during!mitosis!in!diploid!
strains!of!Saccharomyces+cerevisiae,!and!applied!this!assay!to!strains!with!rDNA!alterations.!
We!find!that!the!rDNA!influences!the!fidelity!of!chromosome!segregation!at!two!different!
levels.!First,!the!rDNA!improves!the!segregation!fidelity!of!the!rDNAAcontaining!
chromosome!(chromosome!XII).!This!effect!is!mediated!by!the!multifunctional!rDNA!binding!
protein!Fob1!through!its!recruitment!of!the!RENT!complex,!rather!than!by!its!effects!on!
rDNA!recombination!or!condensin!recruitment.!Dominant!to!this!local!effect!on!
chromosome!segregation!is!an!effect!on!global!chromosome!segregation!fidelity.!Here,!
deletion!of!the!rDNA!or!reduction!in!rDNA!copy!number!result!in!increased!missegregation!
of!other!chromosomes!in!addition!to!chromosome!XII.!Curiously,!this!effect!is!rescued!by!
heterozygosity!of!rDNA!state,!irrespective!of!what!rDNA!states!a!strain!is!heterozygous!for.!
We!rule!out!trivial!explanations,!such!as!perturbations!in!ribosome!biogenesis,!accounting!
for!this!effect.!Instead,!we!propose!that!chromosome!segregation!fidelity!is,!in!part,!
determined!by!the!threeAdimensional!organization!of!the!genome,!and!that!the!
rDNA/nucleolus!contribute!to!the!establishment!and/or!maintenance!of!this!genomic!
architecture.!Together!our!results!demonstrate!a!new!role!for!the!rDNA!in!chromosome!
segregation!that!encompasses!both!local!and!global!effects.!Given!the!high!degree!of!
conservation!in!rDNA!structure!and!function!amongst!eukaryotes,!we!suggest!that!the!rDNA!
may!also!influence!the!fidelity!of!chromosome!segregation!in!more!complex!organisms.!!
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Long%range)rDNA%genomic)interactions)regulate)RNA)Polymerase)II)gene)
programs)during)malignant)transformation:)implications)for)nucleolar)control)
of)malignant)progression.!
)!
Professor!Ross!Hannan*,!Centenary!Chair!of!Cancer!Research,!Head!of!
Department,!Cancer!Biology!and!Therapeutics,!John!Curtin!School!of!Medical!
Research,!ANU!College!of!Medicine,!Biology!and!Environment,!Australian!National!
University,!Canberra,!Australia!
!!
Our!group!has!been!instrumental!in!the!development!of!the!novel!selective!inhibitor!
of!RNA!Polymerase!I!(Pol!I),!CXK5461!(Drygin!et!al.,!Cancer'Research,!2011S!
Bywater!et!al.,!Cancer'Cell,!2012S!Bywater'et'al.,'Nature'Reviews'Cancer'2013:'
Devlin'et'al.,'Cancer'discovery'2016).!!This!drug!is!now!in!phase!1!clinical!trials!for!
patients!with!refractory!haematological!malignancies.!While)sensitivity!of!cancer!cells!
to!CXK5461!has!been!previously!explained!by!the!notion!that!highly!proliferative!cells!
are!more!reliant!on!high!rates!of!rDNA!transcription!than!slower!growing!tumours!or!
normal!cells,!our!subsequent!results!show!this!is!not!the!case.!It!is!well!documented!
that!nonKmalignant!cells!transcribe!50%!or!fewer!of!the!hundreds!of!rDNA!repeats:!
the!rest!are!completely!silent.!Using!a!mouse!model!of!lymphoma!(EµKMyc)!we!show!
that!progression!from!preKmalignancy!to!malignancy!is!associated!with!epigenetic!
remodelling!that!activates!a!significant!proportion!of!previously!silent!rDNA!repeats.!
Critically!we!find!that!that!reactivation!of!the!rDNA!repeats!and!subsequent!nucleolar!
reorganisation!is!essential!for!tumour!cell!survival!independent!of!rDNA!transcription.!
One!hypothesis!we!are!testing!utilising!ChIPKseq!and!chromosome!conformation!
capture!sequencing!(4CKseq),!is!that!nucleolar!reorganization!may!drive!changes!in!
global!genome!organisation,!resulting!in!transcriptome!changes!that!underlie!tumour!
cell!dependence.!We!will!discuss!our!most!recent!data!that!provide!evidence!of!a!
role!for!rDNA!in!cancer!progression!beyond!ribosome!biogenesis!and!offer!novel!
insights!into!the!spatial!and!transcriptional!dynamics!of!the!rDNAKassociated!genome!
during!malignant!transformation.!
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Pol$I$transcription$and$nucleolar$structure$play$key$roles$in$nuclear$organization$
!
Chen!Wang1,!Samuel!Sondalle2,!Susan!Baserga2,!and!Sui!Huang1!
!
1Department!of!Cell!and!Molecular!Biology,!Northwestern!University,!Feinberg!School!of!
Medicine!
2Department!of!Molecular!Biophysics!and!Biochemistry,!of!Genetics!and!of!Therapeutic,!
Yale!University!School!of!Medicine!
!
The!nucleolus!is!the!site!of!ribosome!synthesis!including!the!transcription!of!ribosomal!
DNA!(rDNA)!by!RNA!polymerase!I!(Pol!I),!processing!of!preMrRNA,!and!assembly!of!
preMribosomal!particles.!!In!addition!to!ribosomal!synthesis,!increasing!numbers!of!
functions!have!been!implicated!for!the!nucleolus,!including!cell!cycle!regulation,!
apoptosis,!viral!infection,!DNA!replication!and!DNA!damage.!Although!the!nucleolus!is!
among!the!first!cellular!organelles!described,!how!and!why!it!forms!and!the!functional!
relationship!between!nucleolus!and!the!rest!of!the!nucleus!remain!open!questions.!Here!
we!ask!what!would!happen!to!the!nucleus!if!we!selectively!disrupt!the!nucleolus.!
Although!stresses!and!genotoxicity!have!been!shown!to!impact!nucleolar!structure,!
these!processes!often!influence!more!than!just!the!nucleolus.!To!selectively!tease!out!
the!role!of!nucleoli!in!nuclear!organization,!we!specifically!disrupted!rDNA!transcription,!
the!first!step!in!the!synthesis!of!ribosomes!by!siRNA!depletion!of!the!Pol!I!large!subunit,!
RPA194.!!Depletion!of!RPA194!significantly!reduced!preMrRNA!synthesis!and!induced!
structural!distortions!of!the!nucleolus!similar!to!those!found!in!ActD!treated!cells.!!
Nucleoli!were!segregated!to!caps!labeled!with!antibodies!against!transcription!factors,!
and!to!another!fraction!that!contains!other!components.!When!cells!were!treated!with!an!
siRNA!against!Cirhin,!while!the!nucleolar!number!was!reduced,!the!subcellular!
distribution!of!Pol!I!transcription,!preMribosomal!RNA!processing!factors,!and!ribosomal!
proteins!within!the!nucleolus!remained!similar!to!those!in!the!control!cells,!
demonstrating!that!disruption!of!Pol!I!transcription,!but!not!ribosome!synthesis!in!
general,!is!responsible!for!nucleolar!segregation.!The!influence!of!selective!inhibition!of!
Pol!I!transcription!upon!nuclear!organization!will!be!discussed.!!
!!
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Nutrient( availability( shapes( the( Sumo( proteome( to( control( tRNA(
synthesis(by(RNA(polymerase(III!
!
Pierre! Chymkowitch*1,! Aurélie! Nguéa! P1,! Joseph! Robertson1,! Håvard!
Aaness1,!Arne!Klungland1!and!Jorrit!M.!Enserink*1!
!
1!Department!of!Molecular!Biology,! Institute!of!Microbiology,!Oslo!University!
Hospital,!Sognsvannsveien!20,!NP0027!Oslo,!Norway!
!

Maintaining! cellular! homeostasis! in! the! face! of! changes! in! nutrient!
supply! is! essential! for! the! growth! and! development! of! all! organisms,! from!
unicellular!microorganisms!to!higher!eukaryotes.!When!a!cell!detects!a!loss!of!
its! nutrient! supply,! it! activates! signal! transduction! pathways! that! elicit!
integrated! responses! that! alter! cell! metabolism.! One! aspect! of! the! cellular!
adaptation! to! stress! involves! alterations! in! protein! sumoylation,! commonly!
referred! to! as! the! Sumo! Stress! Response! (SSR).! Posttranslational!
modification! of! proteins! by! Sumo! is! crucial! to! various! cellular! processes!
including! transcription,! where! Sumo! is! generally! believed! to! inhibit! gene!
expression! (1).! However,! the! physiological! significance! of! sumoylation! of!
transcriptional! regulators!under!normal!and!stress!conditions! remains!poorly!
understood.!

To! begin! unraveling! this! process,! we! recently! mapped! the! Sumo!
proteome!under!nutrientPrich!and!nutrientPpoor!conditions! in!Saccharomyces+
cerevisiae,! and! discovered! that! nutrient! stress! profoundly! alters! the! Sumo!
proteome.!Interestingly,!several!RNAPIII!components!are!major!Sumo!targets!
under! normal! growth! conditions,! including!Rpc53,!Rpc82,!Rpo31! and!Ret1,!
and!nutrient!starvation!results!in!rapid!desumoylation!of!these!proteins.!These!
findings! are! supported! by! ChIPPseq! experiments! that! show! that! Sumo!
localizes!to!all!tDNA!genes!(2).!Furthermore,!RNAPseq!experiments!revealed!
that! preventing! sumoylation! results! in! significantly! decreased! expression! of!
tDNA!genes.!Treatment!of!cells!with!the!TORC1!inhibitor!rapamycin!resulted!
in!the!same!effect,!and!our!data!indicate!that!the!Sumo!and!TORC1!pathways!
cooperate!to!promote!robust!tRNA!synthesis.!

We! then! mapped! Sumo! sites! in! several! RNAPIII! components! and!
studied! their! physiological! relevance! by! substituting! these! lysines! into! nonP
sumoylatable! arginine! residues.! Importantly,! tRNA! synthesis! was! strongly!
reduced! in! cells! expressing! a! nonPsumoylatable! Rpc82PKR! mutant,! which!
correlated! with! a! misassembled! RNAPIII! transcriptional! complex.! In!
accordance!with! these! findings,!deletion!of!MAF1! did!not! fully! restore! tRNA!
synthesis!in!these!mutant!cells.!
In! conclusion,! our! data! suggest! that! in! addition! to! TORC1! activity,!
sumoylation! of! RNAPIII! is! key! to! reaching! full! translational! capacity! under!
optimal!growth!conditions.!
!
1.! Chymkowitch! P,! Nguea! PA,! Enserink! JM.! SumoPregulated!
transcription:!challenging!the!dogma.!Bioessays.!2015_37(10).!
2.! Chymkowitch!P,!Nguea!PA,!Aanes!H,!Koehler!CJ,!Thiede!B,!Lorenz!S,!
et! al.! Sumoylation! of! Rap1! mediates! the! recruitment! of! TFIID! to! promote!
transcription!of!ribosomal!protein!genes.!Genome!Res.!2015_25(6):897P906.!
!
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Profiling and characterization of microRNAs in the liverwort, Marchantia 

polymorpha 

Masayuki Tsuzuki1, Ryuichi Nishihama2, Kimitsune Ishizaki3, Yukio Kurihara4, 

Minami Matsui4, John L. Bowman5, 6, Takayuki Kohchi2, Takahiro Hamada1, 
Yuichiro Watanabe1 
1 Graduate School of Arts and Sciences, The University of Tokyo, 2 Graduate 

School of Biostudies, Kyoto University, 3 Graduate School of Science, Kobe 
University, 4 RIKEN Center for Sustainable Resource Sciences, 5 School of 
Biological Sciences, Monash University, 6 Department of Plant Biology, UC 

Davis 
 

MicroRNA (miRNA) is one of the major small regulatory RNAs processed from a 
primary Pol II transcript folding hairpin secondary structure. miRNAs 
down-regulate the expression level of their target genes in nucleotide 
sequence-specific manner. In land plant lineages, it has been revealed that 
some miRNA families are widely conserved and that their target gene families 
are also shared. It is known that widely conserved plant miRNAs are likely to 
target transcription factor genes having crucial roles in plant development. 
However, little is known about miRNA functions in non-flowering plants including 
bryophytes. 
     Here, we used one of the liverworts, Marchantial polymorpha, in order to 
identify unknown general characteristic of conserved miRNAs in land plants. We 
profiled small RNAs expressed in thalli, antheridiophores and archegoniophores 
and identified MIRNA loci by small RNA sequencing analysis. We found that M. 
polymorpha has much lower numbers of both MIRNA and target gene loci than 
other land plants. Using the advantage of low redundancy, we also constructed 
mirna mutants by genome editing tools. They showed severe morphological 
phenotypes. It was revealed that some conserved miRNAs have functional 
homology with other land plants. These results suggest that some conserved 
miRNAs have universal functions in land plant development. 
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Condensin-mediated associations among RNA polymerase III-transcribed genes 
 
Ken-ichi Noma* and Osamu Iwasaki 
 
Gene Expression and Regulation Program, The Wistar Institute, Philadelphia, PA 
19104, USA 
 
The condensin and cohesin complexes consisting of Structural Maintenance of 
Chromosomes (SMC) proteins are known to function in mitotic chromosome assembly 
and in sister-chromatid cohesion, respectively.  Accumulating evidence demonstrates 
that these SMC complexes also function in interphase genome organizations. 
 
We have recently identified a new mechanism whereby the dividing cell protects and 
faithfully segregates RNA polymerase III-transcribed (Pol III) genes in fission yeast 
(Iwasaki et al. 2015).  Specifically, we show that the condensin subunit (Cnd2) binds 
directly to the TATA box-binding protein (TBP), and that TBP recruits condensin 
molecules onto Pol III genes through the condensin-TBP interaction.  Condensin in turn 
mediates associations among Pol III genes and centromeres via condensin-condensin 
interactions, such that they are protected and faithfully segregated during mitosis.  
Using condensin mutations that inhibit the condensin-TBP interaction, we show that 
failure of condensin to bind to TBP disrupts condensin binding to Pol III genes, impairs 
the proper assembly of mitotic chromosomes, and causes a severe defect in the 
segregation of genes, followed by cellular lethality.  Therefore, the condensin-TBP 
interaction identified by this study plays a pivotal role in 3D chromosome organization, 
and ensures the fidelity of chromosome segregation during mitosis.  During interphase, 
condensin-mediated gene associations contribute to the formation of chromosome 
territories (Iwasaki et al. 2016). 
 
Iwasaki O, Tanizawa H, Kim KD, Yokoyama Y, Corcoran CJ, Tanaka A, Skordalakes E, 

Showe LC, Noma K (2015) Interaction between TBP and condensin drives the 
organization and faithful segregation of mitotic chromosomes. Mol Cell 59:755-767 

 
Iwasaki O, Corcoran CJ, Noma K (2016) Involvement of condensin-directed gene 

associations in the organization and regulation of chromosome territories during the 
cell cycle. Nucleic Acids Res doi:10.1093/nar/gkv1502 
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Global&analysis&of&transcriptionally&engaged&yeast&Pol&III&reveals&unequal&distribution&
of&polymerase&on&transcription&units&and&extended&tRNA&transcripts&
&
Ewa$Makała1,$Tomasz$Turowski2,3,$David$Tollervey2$and$Magdalena$Boguta1$$
1Institute$of$Biochemistry$and$Biophysics,$Polish$Academy$of$Sciences,$ul.$Pawinskiego$5a,$
02I106$Warsaw,$Poland=&2Wellcome$Trust$Centre$for$Cell$Biology,$University$of$Edinburgh,$,$
Mayfield$Road,$Edinburgh$EH9$3JR,$ScotlandS$3Faculty$of$Chemistry,$Warsaw$University$of$
Technology,$ul.$Noakowskiego$3,$00I664$Warsaw,$Poland&
$
Within$ the$ past$ decade,$ there$ has$ been$much$ progress$ delineating$mechanisms$ by$which$
RNA$polymerase$III$(Pol$III)Imediated$tRNA$transcription$is$controlled.$Those$studies$mostly$
concentrated$on$Maf1,$a$general$repressor,$which$transfers$environmental$signals$to$Pol$III.$
Now$we$performed$a$genomeIwide$analysis$of$nascent$ transcripts$attached$to$Pol$ III$under$
permissive$ and$ restrictive$ growth$ conditions.$ For$ the$ first$ time$ Pol$ III$ transcription$ was$
mapped$ across$ the$ yeast$ transcriptome$ with$ nucleotide$ resolution.$ This$ identified$ several$
previously$unannotated$Pol$III$transcription$units.&
HighIresolution,$strandIspecific,$profiling$of$the$distribution$of$transcriptionally$engaged$Pol$III$
gave$ rise$ to$ a$ number$ of$ unexpected$ findings.$ Despite$ the$ short$ length$ of$ most$ Pol$ III$
transcription$units,$we$find$strikingly$uneven$polymerase$distribution$along$all$tRNA$genes.$A$
high$density$of$ reads$over$ the$5´$end$of$ the$ transcription$unit$and$a$weaker$peak$before$3´$
end$of$the$mature$tRNA$were$detected.$Two$peaks$appear$to$be$localized$with$respect$to$the$
A$and$B$boxes$of$the$internal$promoter$suggesting$that$interaction$of$TFIIIC$factor$with$these$
regions$can$impede$transcribing$Pol$III,$leading$to$transient$pausing$or$slowing$down.$$
Perhaps$ the$ most$ surprising$ finding$ was$ the$ presence$ of$ transcription$ termination$ readI
through$ on$ most$ tRNA$ genes$ typically$ extending$ 50$ –$ 200$ nt$ beyond$ the$ expected$
terminator.$ Extended$ preItRNAs$ were$ confirmed$ by$ northern$ hybridization.$ The$ degree$ of$
readIthrough$was$antiIcorrelated$with$length$of$canonical$terminator.$$$
Finally$these$analyses$confirmed$heterogeneous$effects$of$Maf1$or$stress$conditions$on$the$
expression$of$different$tRNA$genes$indicated$previously$by$microarray$analysis.$A$subset$of$
tRNA$ genes$ showed$ a$ low$ response$ to$ nutrient$ shift$ or$ loss$ of$ the$ major$ transcription$
regulator$ Maf1,$ suggesting$ potential$ “housekeeping”$ roles.$ This$ study$ is$ supported$ by$ the$
National$Science$Centre$(UMOI2012/04/A/NZ1/00052). 
$
&
&
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Coligo-Seq reveals the secondary structure determinants of promoter-
independent RNA Polymerase III initiation on circularized oligonucleotides 
Lodoe Lama, Joy Patel and Kevin Ryan*. 
Department of Chemistry & Biochemistry, The City College of New York, and the 
Graduate Program in Biochemistry, The City University of New York Graduate Center, 
New York, NY, USA  
 

We previously found that circularized single-stranded (ss) oligodeoxynucleotides 
(coligos) encoding pre-miRNA-like transcripts can template the formation of discrete 
RNA copies by human RNA Polymerase III. Coligos resemble DNA dumbbells with one 
larger and one smaller ss loop. Polymerase activity appears to be triggered by 
secondary structure, rather than a promoter sequence, because coligos are made from 
a single cDNA template strand and lack a promoter. To understand the relationship 
between coligo sequence, secondary structure and Pol III transcription initiation, we 
developed Coligo-Seq, a small RNA cDNA library preparation method that avoids the 
difficult step of ligating a sequencing adapter to the 5’ end of an RNA hairpin. Coligo-
Seq produces millions of sequencing reads per coligo, providing information to 
characterize 5’ and 3’ end transcript heterogeneity. The stem-loop junction at the larger 
coligo loop is the main determinant of Pol III initiation. Initiation occurs at a dT or dC 
within 3 nucleotides (nt), upstream or 2 nt downstream, of the predicted junction. To 
characterize the loop size independent of sequence, we randomized the loop nt and 
varied loop size. Surprisingly, randomized loop sequences worked almost as well as 
previously studied coligos having defined loop sequences. Randomized loops 
containing 3 or more ss nt allow for initiation, but 12-15 nt ss loops are optimal. The 
dependence of termination on secondary structure or sequence is less clear. Coligos 
having oligo(A), or a related termination signal, in the vicinity of the larger loop generally 
terminate within or shortly after this sequence, but other coligos lacking any known Pol 
III termination sequence also undergo significant amounts of termination in the larger 
loop, possibly indicating a coligo-specific termination mechanism. Purified yeast Pol III 
(kindly provided by the Christophe Mueller lab) produced a similar pattern of coligo 
transcripts. Coligos may prove useful as small RNA expression vectors, or provide 
unique tools for probing Pol III initiation and termination. 
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The Argonaute-binding platform of NRPE1 evolves through modulation of 
intrinsically disordered repeats  
Joshua T. Trujillo, Mark A. Beilstein, and Rebecca A. Mosher* 
The School of Plant Sciences, The University of Arizona, Tucson, AZ 85721-0036 
 
Argonaute proteins are important effectors in RNA silencing pathways, but they must 
interact with other machinery to trigger silencing. Ago hooks have emerged as a 
conserved motif responsible for interaction with Argonaute proteins, but little is know 
about the sequence surrounding Ago hooks that must restrict or enable interaction with 
specific Argonautes. Here we investigated the evolutionary dynamics of an Argonaute-
binding platform in NRPE1, the largest subunit of RNA Polymerase V. We compared 
NRPE1 sequences from more than 50 species, including dense sampling of two plant 
lineages. This study demonstrates that the Argonaute-binding platform of NRPE1 
retains Ago-hooks, intrinsic disorder, and repetitive character while being highly labile at 
the sequence level. We reveal that loss of sequence conservation is due to relaxed 
selection and frequent expansions and contractions of tandem repeat arrays. These 
factors allow a complete restructuring of the Ago-binding platform over 50-60 million 
years. The presence of labile repeat arrays in all analyzed NRPE1 Ago-binding 
platforms indicates that selection maintains repetitive character, potentially to retain the 
ability to rapidly restructure the Ago-binding platform.  
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Role%of%Long%Noncoding%RNA%in%RNA/Directed%DNA%Methylation%
!
Gudrun!Böhmdorfer,!Shriya!Sethuraman,!M.!Jordan!Rowley,!Michał!Krzysztoń,!M.!Hafiz!
Rothi,!Lilia!Bouzit,!and!Andrzej!T.!Wierzbicki*!
!
University!of!Michigan,!Department!of!Molecular,!Cellular,!and!Developmental!Biology,!
Ann!Arbor,!MI!48109,!USA!
!
RNAVmediated!transcriptional!gene!silencing!is!a!conserved!process!where!small!RNAs!
target!transposons!and!other!sequences!for!repression!by!establishing!chromatin!
modifications.!A!central!element!of!this!process!is!long!noncoding!RNA!(lncRNA)!which!
has!been!proposed!to!serve!as!a!binding!scaffold!for!small!RNAs!and!associated!
proteins.!In!Arabidopsis*thaliana,!this!lncRNA!is!produced!by!a!specialized!RNA!
polymerase!known!as!Pol!V.!We!performed!genomeVwide!identification!of!Pol!V!
transcripts!using!RNA!immunoprecipitation!followed!by!high!throughput!sequencing.!We!
show!that!noncoding!transcription!by!Pol!V!is!controlled!by!preexisting!chromatin!
modifications!located!within!the!transcribed!regions.!The!vast!majority!of!Pol!V!
transcripts!is!associated!with!AGO4!but!are!not!substrates!for!slicing!by!AGO4.!lncRNAV
binding!proteins!remain!in!close!proximity!to!the!Pol!V!complex!and!siRNA!is!likely!to!
base!pair!with!lncRNA!exiting!Pol!V.!Finally,!Pol!V!preferentially!transcribes!into!
silenced!transposable!elements.!We!propose!a!model!explaining!several!key!events!
surrounding!noncoding!transcription!by!Pol!V!and!predicting!that!determination!of!
heterochromatin!boundaries!is!an!important!function!of!noncoding!transcription.!!
!
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Pol V mediates transcriptional silencing by a mechanism that is different 
from RNA-directed DNA methylation 
 
Xin-Jian He*1 
 
1National Institute of Biological Sciences, Beijing, 102206, China 
 
DNA-dependent RNA polymerase V (Pol V) was thought to produce long 
scaffold RNAs to mediate de novo DNA methylation through an RNA-directed 
DNA methylation (RdDM) pathway. By RNA deep sequencing, we found that in 
the Pol V mutant nrpe1, the silencing of many genomic loci was released 
without affecting DNA methylation, suggesting that Pol V not only acts as a 
component of the RdDM pathway but also contributes to transcriptional 
silencing by a mechanism that is different from the RdDM pathway. Moreover, 
we found that the RdDM components SUVH2/9 and IDN2 also contribute to 
transcriptional silencing in an RdDM-independent manner. Our previous report 
suggests that SUVH2/9 associate with DDR complex to mediate the 
occupancy of Pol V on chromatin, thereby facilitating the formation of a 
self-reinforcing loop between DNA methylation and Pol V transcription. We 
found that SUVH9 associates not only with the DDR complex but also with 
MORC6. Moreover, we found that IDN2, a component that binds to Pol 
V-dependent scaffold RNAs, can also associate with MORC6. MORC6 was 
thought to mediate transcriptional silencing through heterochromatin 
condensation. We propose that Pol V-dependent scaffold RNAs may be 
required not only for de novo DNA methylation mediated by DRM2 but also for 
chromatin condensation mediated by MORC6.  
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RNA Polymerase V is the key effector protein mediating epigenetic silencing of 
full-length active transposable elements 
 
Kaushik Panda1, Lexiang Ji2, Drexel A. Neuman3, Josquin Daron1, Robert J. Schmitz3, 
and R. Keith Slotkin*1 

 
1Department of Molecular Genetics, The Ohio State University, Columbus, OH, USA 
2Institute of Bioinformatics, University of Georgia, Athens, GA, USA 
3Department of Genetics, University of Georgia, Athens, GA, USA 
 

In plants the genes that encode the subunits of RNA Polymerase II (Pol II), 
duplicated and diversified to create two Pol II derivatives. These derivatives, referred to 
as Pol IV and Pol V, participate in transposable element (TE) silencing and perform 
functions which Pol II performs in fungi and animals. This division of labor between Pol 
II (regulates general gene activity) and Pol IV/V (regulate TE silencing) provides a 
distinct advantage in plants for research on the mechanism of TE silencing: Pol IV and 
Pol V can be mutated to identify their mechanism and function without perturbing 
general gene activity regulated by Pol II. Plants having mutation in Pol IV and/or Pol V 
have TE silencing phenotypes, but are viable and fertile, while the corresponding 
mutations in animals or fungi would be in Pol II and therefore be lethal. Consequently, 
the role of Pol IV and Pol V in TE silencing has been extensively investigated in plants 
over the last decade. 
 

In the reference plant Arabidopsis thaliana, Pol IV transcripts are degraded to 
produce small RNAs (sRNAs) that are incorporated into the ARGONAUTE 4 (AGO4) or 
AGO6 protein. These AGO4/6 bound sRNAs can base-pair with a scaffolding Pol V 
transcript and recruit DNA methyltransferases to methylate DNA cytosines in the 
corresponding locus. This mechanism represents the well-characterized pathway of 
small RNA-directed DNA methylation (RdDM). Once silenced via this DNA methylation, 
a TE will be maintained in an epigenetically transcriptionally silenced state through both 
mitotic cell divisions and trans-generationally.  

 
Recently, a non-canonical RdDM pathway was discovered whereby sRNAs 

generated from a Pol II transcript (which were originally thought to silence TEs only 
post-transcriptionally) can also feed into AGO6. Once loaded with Pol II expression-
dependent sRNAs, AGO6 can target Pol V scaffold transcripts. The genome-wide 
targets of this Pol II-dependent RdDM, however, have not been identified. We 
performed whole genome methylation analysis on plants mutants for Pol IV- and Pol II-
dependent RdDM to understand if the two RdDM pathways act on disjoint sets of TE 
targets. We characterized the genome-wide targets of both the RdDM processes and 
identified that full-length TEs capable of self-transposing are the major targets of the Pol 
II-RdDM pathway, whereas shorter TE fragments are acted upon by Pol IV-RdDM. This 
demonstrates that Pol II-RdDM is likely the more critical pathway to repress TE mobility 
and formation of new TE-induced mutations.  
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RNA Polymerase I and Fob1 contributions to transcriptional silencing at the yeast 
rDNA locus 
 
Stephen W. Buck, Nazif Maqani, Mirela Matecic, Robert D. Hontz, Ryan D. Fine, 
Mingguang Li, and Jeffrey S. Smith* 
 
Department of Biochemistry and Molecular Genetics, University of Virginia School of 
Medicine, Charlottesville, VA 22908 
 
RNA polymerase II (Pol II)-transcribed genes embedded within the yeast rDNA locus 
are repressed through a Sir2-dependent process called ‘rDNA silencing’. Sir2 is 
recruited to the rDNA promoter through interactions with RNA polymerase I (Pol I), and 
to a pair of DNA replication fork block sites (Ter1 and Ter2) through interaction with 
Fob1. We utilized a reporter gene (mURA3) integrated adjacent to the leftmost rDNA 
gene to investigate localized Pol I and Fob1 functions in silencing. Silencing was 
attenuated by loss of Pol I subunits or insertion of an ectopic Pol I terminator within the 
adjacent rDNA gene. Silencing left of the rDNA array is naturally attenuated by the 
presence of only one intact Fob1 binding site (Ter2). Repair of the 2nd Fob1 binding site 
(Ter1) dramatically strengthens silencing such that it is no longer impacted by local Pol I 
transcription defects. Global loss of Pol I activity, however, negatively affects Fob1 
association with the rDNA. Loss of Ter2 almost completely eliminates localized 
silencing, but is restored by artificially targeting Fob1 or Sir2 as Gal4 DNA binding 
domain fusions. We conclude that Fob1 and Pol I make independent contributions to 
establishment of silencing, though Pol I also reinforces Fob1-dependent silencing. 
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Chromosome-specificity of NOR inactivation: rRNA genes of Arabidopsis NOR2 
escape silencing upon multimegabase locus conversion of NOR4 

Gireesha Mohannath and Craig S. Pikaard* 

Department of Biology, Department of Molecular and Cellular Biochemistry, and Howard 
Hughes Medical Institute, Indiana University, Bloomington, Indiana 

 

In eukaryotes, hundreds of ribosomal RNA (rRNA) genes are tandemly arrayed within 
nucleolus organizer regions (NORs) and transcribed by RNA Polymerase I (Pol I), 
yielding primary transcripts that are processed into 18S, 5.8S, and 25-28S RNAs of 
ribosomes, the protein synthesizing machines of cells. The number of transcribed rRNA 
genes is known to vary with developmental and physiological demands, but the 
mechanisms dictating the on or off states of specific subsets of rRNA genes remain 
unclear. Initial hypotheses proposed that rRNA genes with the highest affinity for one or 
more limiting transcription factors are selectively activated. However, subsequent 
studies showed that specific rRNA genes are selectively silenced, involving chromatin 
modifications that are conserved between plants and mammals. Models for differential 
silencing have included the possibility that subtle sequence differences among rRNA 
genes influence nucleosome positions or the basepairing of regulatory non-coding 
RNAs, ultimately bringing about alternative cytosine methylation and/or histone 
modification profiles. Recent genetic studies of Arabidopsis thaliana have suggested yet 
another hypothesis: that rRNA gene expression fate is dictated by chromosomal 
position within the genome, not sequence variation intrinsic to each rRNA gene1. 

A. thaliana rRNA genes are clustered at two loci, NOR2 and NOR4, each 
consisting of approximately 375 genes and spanning ~4 Mbp at the northern tips of 
chromosomes 2 and 4, respectively. We recently showed that rRNA genes located on 
NOR2 are silenced whereas rRNA genes located on NOR4 are active1. In a mutant 
deficient for histone H3 lysine 27 monomethylation, we demonstrate multimegabase 
conversion of NOR4 and its adjoining telomere, TEL4N to the corresponding sequences 
of NOR2-TEL2N. This chromosome conversion event causes NOR2-derived rRNA 
genes to escape silencing, providing direct evidence that NOR2 inactivation is 
chromosome specific. The results rule out telomere TEL2N as a NOR2 silencing 
element, suggesting that locus control is likely mediated by sequences centromere-
proximal to the NOR. 
 

 

1 Chandrasekhara, C., Mohannath, G., Blevins, T., Pontvianne, F. & Pikaard, C. S. Chromosome-
specific NOR inactivation explains selective rRNA gene silencing and dosage control in 
Arabidopsis. Genes Dev 30, 177-190, doi:10.1101/gad.273755.115 (2016). 
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Discovery of mammalian regulators of ribosome biogenesis  

Katherine Farley1, Kathleen McCann1, Janie Merkel2, Yulia Surovtseva2, Susan J. Baserga1.  
1Yale University, New Haven, CT, 2Yale University, West Haven, CT  

 It is well known that in cancer an increased size and number of nucleoli correlates with 
increased malignant potential. Nucleoli make ribosomes, the essential protein synthesizers of 
the cell. Previously we have shown (PLoS Genetics 2012) that disruption of nucleolar function 
by depletion of the ribosome biogenesis factors UTP4 or NOL11 caused a change in the 
number of nucleoli per cell from 2-3 to only 1. Taking advantage of this relationship between 
number and function, we exploited the changes in nucleolar number to discover new regulators 
of nucleolar function in human cells via a high-content, high-throughput, genome-wide siRNA 
screen. This screen successfully identified approximately 200 proteins whose depletion caused 
a change in the number of nucleoli per cell from 2-3 to only 1. The function of a subset of these 
hits in ribosome biogenesis has been validated by oligonucleotide deconvolution. Of these high-
confidence, validated hits, 22 were chosen for further study, including both nucleolar and non-
nucleolar proteins. While the nucleolar proteins are directly involved in ribosome biogenesis, the 
non-nucleolar proteins likely reflect new pathways of nucleolar regulation in mammalian cells. 
Out of the 22 tested hits, we have identified new roles for 20 hits in regulating either the RNA 
polymerase I transcription of the ribosomal DNA (8/22), the processing of the pre-ribosomal 
RNA (19/22), or in the maintenance of the ribosomal DNA chromatin state (2/22). These hits 
increase the complexity of ribosome biogenesis, extending it beyond the nucleolus to extra-
nucleolar protein regulators of nucleolar function. 

!

SPEAKER ABSTRACTS

31



 
 

 

Identification of tRNA processing activities in initiation complexes of RNA polymerase III 

 

Natalie Orlovetskie, Raphael Serruya and Nayef Jarrous 

Department of Microbiology and Molecular Genetics, IMRIC, The Hebrew University-Hadassah 

Medical School, Jerusalem 91120, Israel. E-mail: jarrous@md.huji.ac.il 

 

We have previously shown that initiation complexes of RNA polymerase III assembled on human 

5S rRNA gene integrate the ribonucleoprotein RNase P. Formation of these type I initiation 

complexes in whole cell extracts and in cells requires a structurally intact RNase P. To assess the 

occurrence of this ribonucleoprotein in other initiation complexes, we demonstrate that 

initiation complexes assembled on tRNA genes also possess an active RNase P, as manifested by 

endonucleolytic cleavage of 5’ leader sequence of precursor tRNA. Remarkably, this holoenzyme 

also seems to degrade released 5’ leader sequences via a 3’ to 5’ exoribonucleolytic activity. The 

endo- and exo-ribonucleolytic activities proceed in a stepwise manner and are coordinated by 

massive initiation complexes with molecular masses of ~ 1.5 to 3.5 million daltons. Biochemical 

and functional analyses reveal that Rpp14, one of the ten distinct protein subunits of RNase P, 

and its partner OIP2 are implicated in the degradation of the 5’ leader sequence to 

mononucleotides. Recombinant Rpp14 and OIP2 also exhibit coordinated exoribonucleolytic 

activities in vitro. Our results unveil that type II initiation complexes incorporate RNase P that 

displays at least two interrelated tRNA processing activities, thereby widening the scope of 

coordinated transcription and processing of tRNA.  
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Role Of The Rpf2/Rrs1 Heterodimer In The Coupling Between RNA Polymerase 
I Transcription And Pre-ribosome Maturation In Yeast. 

 
Maral Halladjian, Yasmine Al Kadri, Marie Gérus, Isabelle Léger-Silvestre,  
Yves Romeo, Olivier Gadal, Yves Henry* and Anthony Henras* 

 
Centre National de la Recherche Scientifique, Laboratoire de Biologie Moléculaire 
Eucaryote and Université de Toulouse, UPS, F-31062 Toulouse Cedex 9, France. 
 
The biogenesis of ribosomes, the cellular machines supplying cellular proteins, is a 
vital multistep process consuming an important part of the cellular energy. Ribosome 
biogenesis begins with the transcription of the ribosomal DNA (rDNA) units by RNA 
polymerase I (Pol I). This process generates a primary transcript which associates 
co-transcriptionally with a large number of assembly and maturation factors in order 
to generate a large initial pre-ribosomal particle. This particle undergoes a complex 
maturation pathway which gives rise to the pre-40S and pre-60S particles, precursors 
to the small and large ribosomal subunits, respectively. Observation of actively 
transcribed rDNA genes by electron microscopy using the Miller spread technique 
shows that the assembly and maturation of pre-ribosomal particles occur co-
transcriptionally, suggesting a close coordination in space and time between Pol I 
transcription and pre-ribosome assembly. However the factors and molecular 
mechanisms involved in this coordination remain poorly understood. Our aim is to 
understand the functional coupling between rDNA transcription and pre-rRNA 
maturation by studying factors that are involved in both processes. Our prime 
candidate is the Rpf2-Rrs1 heterodimer, known to be essential for the maturation of 
the large ribosomal subunit through the recruitment of the 5S RNP, a module 
containing the 5S rRNA associated to ribosomal proteins Rpl5 and Rpl11. Using 
chromatin immunoprecipitation (ChIP) experiments, we show that Rpf2 and Rrs1 
interact strongly with rDNA chromatin and that this interaction does not depend on 
the integrity of the pre-ribosomal particles. Moreover both Rpf2 and Rrs1 interact with 
Pol I subunits and with several rDNA-associated chromatin remodeling factors. 
These data suggest a function of the Rpf2-Rrs1 heterodimer in the regulation of Pol I 
transcription in addition to its function in the maturation of the pre-60S pre-ribosomal 
particles. To test this hypothesis, we have set up nuclear run-on experiments in S. 
cerevisiae in order to determine the occupancy of RNA polymerases on rDNA units. 
These experiments showed that the depletion of Rpf2 and Rrs1 using different 
conditional expression systems strongly affects Pol I occupancy on the rDNA. 
However no clear transcription defect is observed in yeast strains depleted of several 
other pre-60S factors also associating co-transcriptionally with the nascent pre-
ribosomal particles. Interestingly, the transcription defects observed in the absence of 
Rpf2 are correlated with strong perturbations of rDNA units organization observed by 
Miller spreads. These data strongly suggest that the Rpf2/Rrs1 heterodimer is a 
prime candidate to play a crucial role in the functional coupling between rDNA 
transcription and pre-ribosome assembly. 
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Ribosomal DNA sequence influences transcription elongation efficiency and pre-
rRNA processing. 
 
Krysta L. Engel1, Andrew M. Clarke1, Yinfeng Zhang1, Sarah L. French2, Matthew 
Larson3, Olga V. Viktorovskaya1, Jonathan Weissman3, Ann L. Beyer2, and David A. 
Schneider1*. 
 

1 Department of Biochemistry and Molecular Genetics, University of Alabama at 
Birmingham, Birmingham, AL 35294 
2Department of Microbiology, University of Virginia Health System, Charlottesville, VA 
22908 
3Department of Cellular and Molecular Pharmacology, University of California San 
Francisco, San Francisco, CA 94158 
 
It is well established that pre-rRNA processing begins on the nascent rRNA transcript as 
it emerges from RNA polymerase I (Pol I). Several years ago, the Nomura lab showed 
that a mutation in the active site of Pol I that induces dramatic defects in transcription 
elongation rate also caused severe defects in pre-rRNA processing. These data 
suggested that Pol I transcription elongation and pre-rRNA processing are functionally 
coupled. Thus, Pol I transcription elongation may orchestrate the early events in pre-
rRNA processing.  
 
Several independent studies using a diverse set of RNA polymerases from both 
prokaryotic and eukaryotic cells have shown that transcription elongation is not a 
homogenous process through DNA templates. Indeed, it is thought that for many RNA 
polymerases, the sequence context can have dramatic effects on the progress of the 
enzyme. Here, we test whether Pol I is prone to pausing during transcription elongation 
in vivo and in vitro. In addition to the WT enzyme, we included a variant of Pol I that 
carries a mutation in the trigger loop domain. This mutation (rpa190-F1205H) results in 
altered transcription elongation kinetics. Interestingly the duration and location of pause 
events is altered in the mutant compared to WT. From these analyses we show that 
Pol I frequently pauses in vivo and in vitro, and that alteration of the sites or duration of 
pausing correlates with severe defects in pre-rRNA processing. 
 
To identify DNA sequence elements that can influence Pol I transcription elongation 
properties, we used a series of DNA templates that share features with known pause- or 
termination-inducing sequences from other RNA polymerase systems. We show that 
although RNA hairpins can affect the stability of a paused transcription elongation 
complex, a poly-pyrimidine track is crucial for inducing a pause in vitro. Going forward, 
we are interested in characterizing pause-prone sequences in the rDNA and their 
effects on pre-rRNA processing. 
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Structural basis of RNA polymerase I and III transcription 
 
Niklas A. Hoffmann, Yashar Sadian, Lucas Tafur, Rene Wetzel, Helga Grötsch, Heena 
Khatter, Jan Kosinski, Matthias K. Vorländer and Christoph W. Müller* 
 
European Molecular Biology Laboratory (EMBL), Heidelberg, Germany 

 
RNA polymerase I (Pol I) and RNA polymerase III (Pol III) together synthesize the non-
coding RNA components of the translation machinery. While Pol I synthesizes 
ribosomal RNA, Pol III mainly synthesizes small, structured RNAs including tRNAs. In 
the last years we determined the molecular structures of Pol I and Pol III by X-ray 
crystallography and cryo-EM, respectively.  
The crystal structure of the 14-subunit RNA polymerase I was determined at 3.0 Å 
resolution. The Pol I structure shows a very wide DNA-binding cleft that is occupied by 
an extended loop mimicking DNA. The Pol I specific subunit A12.2 inserts a TFIIS-like 
zinc ribbon into the active site, while the A49-A34.5 heterodimer contacts the second 
largest subunit A135 through extended arms. Single-particle electron cryo-microscopy 
reconstructions of the 17-subunit elongating RNA polymerase III at 3.9 Å resolution and 
of apo Pol III in two distinct conformations at 4.6 and 4.7 Å resolution allowed the 
construction of complete atomic models. The Pol III structures reveal the precise 
orientation of the Pol III-specific C82/C34/C31 heterotrimer in close proximity to the 
stalk. The C53/C37 heterodimer positions residues involved in transcription termination 
close to the non-template DNA strand.  
The molecular structures of Pol I and Pol III will be compared and the adaption of both 
enzymes to fulfill their specific transcription tasks will be discussed. How both structures 
can serve as starting points to assemble their specific Pol I and Pol III pre-initiation 
complexes will also be presented. 
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Minimal functional and structural requirements for Pol I to transcribe promoter-

dependent rDNA in vitro 

Michael Pilsl, Corinne Crucifix&, Gabor Papai&, Ferdinand Krupp&, Jochen Gerber, 
Simon Obermeyer, Philipp Milkereit, Joachim Griesenbeck, Patrick Schultz# and 
Herbert Tschochner 

Universität Regensburg, Biochemie-Zentrum Regensburg (BZR), Lehrstuhl 
Biochemie III, 93053 Regensburg, Germany 
&IGBMC - UMR7104 Integrated Structural Biology, Illkirch, France  

RNA polymerase I (Pol I) is a specialized RNA polymerase which transcribes rRNA 

genes in eukaryotes synthesizing up to 60 % of the total cellular RNA content. The 

detailed molecular mechanism driving Pol I transcription is still unknown. We use 

minimal Pol I-promoter dependent transcription systems to study initiation, elongation 

and termination of Pol I from S. cerevisiae. Initiation could be reconstituted using 

recombinant transcription factor CF together with either Pol I-Rrn3 complex purified 

from yeast cell extracts, or purified yeast Pol I in the presence of recombinant Rrn3. 

Accordingly, the stable Pol I-Rrn3 complex, pre-formed in vivo, could be compared 

with complexes formed in vitro by Rrn3 and Pol I, or Pol I mutants lacking non-

essential subunits. Differences and similarities of distinct forms of Pol I in 

transcription initiation, elongation and termination will be discussed. 

In order to further characterize the Pol I-Rrn3 complex, we determined its structure 

by cryo-EM at 7.5 Å resolution, and compared it with cryo-EM structures of Rrn3-free 

monomeric and dimeric Pol I, as well as the structure of a Pol I dimer from S. 

cerevisiae, which was solved by X-ray crystallography. i) Rrn3 interacts with the Pol I 

stalk, confirming previous predictions. ii) Rrn3 association leads to re-organisation of 

the Pol I-Pol I interaction interface, thereby preventing dimerization observed in the 

crystals. iii) Rrn3-bound and monomeric Pol I differ from the dimeric enzyme in the 

degree of cleft opening, and the structure of the active center. Our findings support a 

dual role for Rrn3 in transcription initiation: Rrn3 stabilizes a specific monomeric 

initiation competent form of Pol I and drives preinitiation complex formation. 
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Study of the Saccharomyces cerevisiae RNA Polymerase I: role of specific 
subunits 
 
Darrière Tommy1, Genty Titouan1, Chauvier Adrien1, Audibert Sylvain1, Dez 
Christophe1, Leger-Silvestre Isabelle1 and Gadal Olivier1 
 
1 LBME du CNRS, Toulouse University, 118 route de Narbonne, F-31000 Toulouse, 
France. 
 

In the yeast Saccharomyces cerevisiae, RNA polymerase (Pol I) allows the synthesis 
of the precursor of the large ribosomal RNAs (rRNAs 25S, 18S and 5.8S). Structural 
studies confirmed that Pol I has 3 specific and non-essential subunits. They are 
called built-in transcription factors: Rpa34, Rpa49 and Rpa12, and are capable of 
regulatory activities (1, 2). Rpa49/Rpa34 are forming a heterodimer structurally 
related to Pol II transcription factors TFIIF and TFIIE (3). We performed extensive 
genetic studies of Pol I mutants lacking Rpa49. The deletion of Rpa49 subunit is 
viable but results in slow growth phenotype and cold-sensitivity, defective rRNA 
production and accumulation of abnormal rRNA. We have previously identified a 
regulatory factor, Hmo1, which could upon overexpression suppress the growth 
defect in absence of Rpa49 (4, 5). Here, we report the cloning and characterization of 
spontaneous mutations restoring wild-type growth in absence of Rpa49. All 
suppressors mutations identified were mapped in the two largest subunits of Pol I: 
Rpa135 and Rpa190. Pulse labeling of nascent RNA showed that in absence of 
Rpa49, rRNA production is restored in strains bearing these suppressor mutations.  
More recently, mutations have also been found in the small specific subunit: Rpa12. 
These mutations are spatially very closed to the other mutations in 135/190. We will 
present the characterization of Pol I alleles allowing optimal growth in absence of Pol 
I specific subunit Rpa49. 

1. C. Engel, S. Sainsbury, A. C. Cheung, D. Kostrewa, P. Cramer, RNA polymerase I 
structure and transcription regulation. Nature 502, 650-655 (2013). 

2. C. Fernandez-Tornero et al., Crystal structure of the 14-subunit RNA polymerase I. 
Nature 502, 644-649 (2013). 

3. S. R. Geiger et al., RNA polymerase I contains a TFIIF-related DNA-binding 
subcomplex. Mol Cell 39, 583-594 (2010). 

4. O. Gadal, S. Labarre, C. Boschiero, P. Thuriaux, Hmo1, an HMG-box protein, belongs 
to the yeast ribosomal DNA transcription system. Embo J 21, 5498-5507 (2002). 

5. B. Albert et al., Structure-function analysis of Hmo1 unveils an ancestral organization 
of HMG-Box factors involved in ribosomal DNA transcription from yeast to human. 
Nucleic Acids Res,  (2013). 
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Structure of RNA polymerase I transcribing active genes 

Simon Neyer 1), Michael Kunz 2), Christian Geiss2), Merle Hantsche1), Valentin 
Hodirnau2), Christoph Engel1), Anja Seybert2), Margot P. Scheffer2), Patrick Cramer*1), 
Achilleas S. Frangakis2) 

 

 

1) Max-Planck-Institute for Biophysical Chemistry, Department of Molecular Biology, 
Am Fassberg 11, 37077 Göttingen, Germany 
2) Buchmann Institute for Molecular Life Sciences and Institute for Biophysics, Goethe 
University Frankfurt, Max-von-Laue Str. 15, Frankfurt, Germany 
 
 
 
Transcription of ribosomal DNA (rDNA) genes by RNA polymerase I (Pol I) is the first 
step in ribosome biogenesis and a target for cell growth regulation. Crystal structures 
of free Pol I from the yeast Saccharomyces cerevisiae revealed an inactive 
conformation with an expanded cleft and a partially unwound bridge helix in the 
active center [1, 2]. Here we determined the structure of active, transcribing Pol I by 
cryo-electron tomography (cryo-ET) from individual enzymes trailing along rDNA 
genes ex vivo, and also by single-particle cryo-electron microscopy (cryo-EM) in vitro. 
Transcribing Pol I indeed shows a contracted cleft, which enables tight DNA-RNA 
binding. The EM density also reveals significant rearrangements in the active center. 
These are required in order to make the previously determined inactive state 
catalytically competent. 

 

[1] Engel C, Sainsbury S, Cheung AC, Kostrewa D, Cramer P.; RNA polymerase I 
structure and transcription regulation. Nature, 2013. 
[2] Fernández-Tornero C1, Moreno-Morcillo M, Rashid UJ, Taylor NM, Ruiz 
FM, Gruene T, Legrand P, Steuerwald U, Müller CW.; Crystal structure of the 14-
subunit RNA polymerase I. Nature, 2013. 
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MAF1	activity	and	stability	is	regulated	by	the	conserved	C-box	region	
	
Ajay	Pradhan,	Akshat	Khanna,	Sean	P.	Curran	
	
MAF1	is	a	conserved	negative	regulator	of	RNA	polymerase	III	and	apart	from	this	
canonical	role,	MAF1	regulates	other	physiological	functions	including	lipid	
homeostasis	and	reproduction.	Across	species,	the	MAF1	protein	contains	
conserved	A,	B	and	C	boxes.	Here	we	show	that	deletion	of	the	C	box	region	in	C.	
elegans	and	human	MAF1	results	in	a	gain	of	function	phenotype.	In	worms,	this	
leads	to	enhanced	negative	regulation	of	all	defined	MAF1	sensitive	genes,	reduced	
lipid	biogenesis,	and	impaired	reproductive	output.		In	humans,	removal	of	the	C	
box	led	to	increased	nuclear	localization	of	MAF1	and	correspondingly	the	enhanced	
repression	of	RNA	pol	II	targets	including	ACC	and	FASN.		Surprisingly,	repression	of	
of	RNA	pol	III	targets	was	impaired	without	the	C	box.	Mutations	to	the	C	box	region	
render	MAF1	insensitive	to	the	mTOR	inhibitor	rapamycin,	which	further	refines	a	
regulatory	role	for	the	MAF1	C-terminal	domain.		At	steady	state,	human	cells	have	
multiple	MAF1	polypeptides	of	different	masses,	which	have	different	subcellular	
localization,	stability	and	function.		The	largest	MAF1L	protein	is	predominate	as	
compared	to	the	smaller	MAF1S	and	deletion	of	the	C	box	shifts	the	ratio	of	these	
species	such	that	MAF1S	is	most	abundant.		Our	results	reveal	a	critical	role	of	the	C	
box	in	MAF1	stability	and	function.	
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The RNA polymerase III-specific subunit C82 interacts with transcription 
factor Brf1 in transcription initiation. 

Seok-Kooi Khoo, Yu-Chun Lin and Hung-Ta Chen*. 
 
Institute of Molecular Biology, Academia Sinica, Taipei, Taiwan, R.O.C. 
 

Eukaryotic RNA polymerase III (Pol III) relies on a TFIIE-like subcomplex 
for transcription of transfer RNA (tRNA), U6 snRNA and 5S RNA. In 
Saccharomyces cerevisiae, C82, homologous to the TFIIED subunit of the pol II 
transcription system, contains four conserved extended winged-helix (WH) 
domains and a C-terminal coiled-coil domain. Analyses from biochemical probing 
and high-resolution cryo-EM precisely position C82 WH1 and WH4 on the pol III 
clamp head and clamp core and the coiled-coil domain near the polymerase stalk. 
However, a disordered region (aa 371-450) within the C82-WH3 is not resolved 
in the recent cryo-EM Pol III structure. In this study, we report the functional 
importance of the C82-WH3 unstructural region. This disordered region is 
conserved among all fungal species, indispensable for cells growth and essential 
for in vitro transcription. Site-specific incorporation of non-natural amino acid 
photo-cross-linker in this region showed crosslinking to Brf1 in the pre-initiation 
complex (PIC). Mutations of the conserved residues within this disordered region 
compromised promoter-dependent pol III transcription activity. The activity can 
be rescued by addition of recombinant Brf1. This shows that the C82-WH3 
disordered region connects with Brf1 to play a functional role in pol III 
transcription initiation.  
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Molecular basis of Brf2-dependent RNA Polymerase III transcription 
deregulation and cancer. 
 
Jerome Gouge1,3, Karishma Satia1,3, Nicolas Guthertz1, Marcella Widya1, Andrew J. 
Thompson1, Pascal Cousin2, Oleksandr Dergai2, Nouria Hernandez2 and Alessandro 
Vannini1* 

 

1Division of Structural Biology, The Institute of Cancer Research, London SW7 3RP, 
UK.  
2Center for Integrative Genomics, Faculty of Biology and Medicine, University of 
Lausanne, 1015 Lausanne, Switzerland. 
 
To achieve faithful transcription, RNA Polymerase (Pol) III relies on several specific 
transcription factors but, ultimately, is recruited at its cognate genes by the central 
transcription factor TFIIIB.  
 
TFIIIB is a multi-subunit complex composed of Bdp1, TBP and Brf1, which targets 
type I and type II promoters (i.e. 5S rRNA and tRNAs) or, alternatively, Brf2, which 
targets type III promoters (i.e U6 snRNA). Brf2-containing TFIIIB complexes have 
been identified only in metazoans where they are essential for transcription 
from RNA Pol III gene external promoters. Brf2 shares structural features with the 
prototypical Pol II transcription factor TFIIB, and together with Brf1 and the Pol I 
transcription factor TAF1B constitutes a family of TFIIB-like transcription factors. 
  
Recently, a direct causative link established Brf2 as a lineage-specific oncogene in 
lung squamous cell carcinomas. Brf2 overexpression is observed in several forms of 
cancers and its correlation with poor survival rates of patients implicated Brf2 as a 
general oncogene, a prognosis marker and a novel target for new anticancer 
therapies. Despite its significance, a detailed mechanistic understanding of Brf2-
dependent Pol III transcription and its regulation in normal and cancer cells is still 
lacking, due to the paucity of structural and functional data.  
 
Here, we report the high-resolution X-ray crystallographic structures of Brf2-TBP 
complexes bound to several type III promoters. The x-ray structures not only 
highlighted the unique structural features of Brf2, allowing a direct comparison with 
the Pol II paralogue TFIIB but additionally unraveled a redox-sensitive regulatory 
module embedded in the Brf2 protein. This unexpected layer of regulation, which 
globally underlies Brf2-dependent RNA Pol III transcription, has a profound effect on 
the physiological cellular responses to oxidative stress and is hijacked in cancer 
cells. 
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Role of the non-template strand in mechanism of transcription 
termination by RNA polymerase III 
Saurabh Mishra & Rich Maraia. Intramural Research, Eunice Kennedy Shriver 
National Institute of Child Health and Human Development, NIH, Bethesda, MD. 

 
Transcription termination is important to tRNA expression by RNA polymerase III 
(RNAP III) because it defines the 3' oligo(rU) end important for posttranscriptional 
processing and releases the polymerase for reinitiation. RNAP III synthesizes millions 
of tRNAs and other small RNAs at a rate of more than 1/gene/second and requires 
very efficient transition from termination to reinitiation. Termination by RNAP III is 
autonomous, precise, and highly efficient at a simple oligo(dT) tract (in the non-
template strand; oligo-dA in the template strand) without the need for endonucleolytic 
RNA cleavage, proximal RNA hairpin or ancillary factors.  It was long thought that 
formation of the intrinsically unstable oligo(rU:dA) hybrid upon transcription of the 
oligo(dA) template was the major determinant of destabilization of the elongation 
complex required for termination.  Previous studies using yeast transcription 
elongation complexes assembled on nucleic acid scaffolds showed that RNAP III 
holoenzyme pauses in the proximal part of a 9A-track, corresponding to transcripts 
ending at U4 with most RNAs released corresponding to U5-U8, whereas RNAP III-
core (a.k.a., pol IIIΔ, lacking the three subunits, C53, C37 & C11) fails to pause in the 
proximal region of the 9A tract and releases RNA only at the end of the A-track, at 
U8–U9.  Since typical RNAP III terminators have fewer than seven consecutive As, 
RNA release at U5–U7 likely represents the physiologically relevant mechanism, 
dependent on C53/37/11.  Further studies showed that the identity of the single strand 
4T and 5T residues in the non-template DNA provide a termination 'signal' 
mechanism that is distinct from the contribution of the oligo(rU:dA) hybrid, and that a 
specific C-terminal region in the C37 subunit participates in this mechanism.  Here 
we report further investigations of the importance of the contribution of the non-
template T4 and T5 residues in RNAP III termination.  We show that RNAP III at a 
template AAATT matched by TTTAA in the non-template strand (TEC-1) neither 
pauses nor terminates (releases the RNA) as expected, whereas it terminates 
efficiently at a template AAATT matched by TTTTT in the non-template strand 
(TEC-2, see figure).  This and other template:nontemplate experiments that control 
for potential effects of mismatch indicate that T4 and T5 in the non-template DNA 
strand contribute strongly to the termination mechanism by RNAP III.  Thus, even 
with just 3 bp of oligo(rU:dA) hybrid, termination occurs if the T4-T5 signal is 
present on the non-template strand of the DNA (template-2).  Further characterization 
of this mechanism including contributions by specific RNAP III subunits will also be 
presented. 
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Active site-controlled mechanism of RNA polymerase III termination; fast 
elongation mutants make more tRNA gene transcripts in vivo 
Keshab Rijal & Richard J. Maraia. Intramural Research Program, Eunice Kennedy Shriver 
National Institute of Child Health and Human Development, NIH, Bethesda, MD. 
 

Rpc1 is the largest subunit of RNAP III.  An extensive randomly mutagenized library of the gene 
encoding S. pombe Rpc1 was screened for two types of termination defective mutants, decreased 
termination (loss-of-function, LOF) at an otherwise efficient 5T terminator of a suppressor-tRNA 
gene reporter, and increased termination (gain-of-function, GOF) at an otherwise suboptimal 4T 
terminator of a tRNA gene reporter.  The suppressor-tRNA genes used for the two screens were 
designed differently so that LOF and GOF mutants each produced a positive suppression 
phenotype amongst a background of red colonies.  LOF mutants were obtained at a much higher 
rate than GOF mutants, the latter of which grew slowly and were more difficult to work with.  A 
total of 135 mutants with single amino acid mutations were mapped onto the 3.9 Å structure of 
the RNAP III elongation complex from the Müller lab (Hoffmann et al, Nature 2015). The 
mutations cluster in the active center bridge helix, trigger loop, pore elements and funnel.  In 
vivo generated tRNA transcripts from the LOF mutants as well as their RNAP III activities 
characterized by in vitro transcription verified that these mutants read-through 5T, 6T and 7T 
oligo(T) terminators in vivo and in vitro. Purified RNAP III from a representative LOF mutant 
isolated multiple times exhibited demonstrably increased elongation rate relative to wild-type 
RNAP III in vitro.  The results are consistent with the kinetic coupling model of termination 
which posits that a faster polymerase spends less time at the terminator and has less opportunity 
for termination while a slower pol spends more time there and terminates more efficiently; 
certain other characteristics of the LOF and GOF mutants support this model.  A subset of 
mutants selected for more detailed analyses were found to exhibit good correlations between in 
vivo phenotype strength using tRNA reporters with different length oligo(T) terminators, the 
amount of terminator readthrough transcripts produced in vivo, and terminator readthrough in in 
vitro transcription.  Because assessing in vivo RNAP III transcription rates can be confounded by 
the naturally rapid occurrence of processing of nascent precursor tRNAs, we compared mutants 
in a strain that has a tRNA reporter with an 8T terminator that produces a relatively stable 
primary transcript because it was mutated to be unrecognizable by tRNA processing machinery. 
By expressing the mutant rpc1 alleles in this strain was exhibited a strong positive correlation 
coefficient when transcripts were quantified for the amount of terminator readthrough in vivo vs. 
tRNA reporter transcript accumulation in vivo.  These data support and extend the kinetic 
coupling model and further suggest that the faster RNAP III mutants make more tRNA 
transcripts than the slower ones.  Additional characterizations will also be presented.  Two 
conclusions can be derived from this work. Active center dynamics via elongation rate 
principally govern RNAP III termination.  Although decreased termination might be expected to 
reduce overall transcription, the fast mutants surprisingly produce more RNA per reporter gene 
than wild-type.  This suggests that elongation rate is not only a foremost determinant of RNAP 
III termination, but that it may also be rate-limiting for tRNA production in vivo, at least for 
some genes. And we suggest that mutations that increase elongation rate may be relevant to some 
cancers. 
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Catalytic properties of multisubunit RNA polymerases IV and V: the price of 
sequence divergence, relative to Pol II, on transcriptional accuracy and 
elongation rate 
Michelle R. Marasco and Craig S. Pikaard* 
Biology Department, Indiana University, Bloomington, IN USA 
 
RNA Polymerase IV and RNA Polymerase V are nonessential, plant-specific RNA 
polymerases that function as the central components of the transcriptional silencing 
pathway known as RNA-directed DNA Methylation (RdDM). Pols IV and V evolved as 
specialized forms of RNA Pol II with more than half of the twelve subunits of Pols II, IV 
and V being encoded by the same genes. However, Pol IV and Pol V have diverged 
from Pol II in some critical features. Pol IV and Pol V catalytic subunits have 
substitutions at over 100 amino acid positions that are absolutely conserved in Pols I, II, 
and III in Arabidopsis thaliana, and in Pol II from Saccharomyces cerevisiae. Many of 
these amino acids occur in regions that interact with the DNA template, incoming 
nucleotide triphosphate, or nascent RNA transcript, including the active site, bridge 
helix, and trigger loop. Given this divergence of Pols IV and V in regions thought to be 
critical to RNA polymerase function, we are investigating what effects these changes 
may have on Pol IV and V activity. Using an in vitro transcription assay, I have 
demonstrated that Pol IV and Pol V have altered fidelity, or accuracy, relative to Pol II.  
Pol IV has decreased fidelity, resulting in increased misincorporation of 
noncomplementary nucleotides relative to Pol II. However, Pol V appears to be less 
error prone than Pol II and Pol IV, in that it incorporates noncomplementary nucleotides 
less frequently. We are actively investigating the mechanisms underlying these 
observed differences in polymerase fidelity.  Altered kinetic parameters including Km, 
Vmax, and rate all appear to be contributing to the decreased fidelity of Pol IV and 
increased fidelity of Pol V.  We are continuing to investigate additional mechanisms that 
contribute to fidelity including error correction through backtracking and excision of 
misincorporated nucleotides. 
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Mechanisms of selective recruitment of RNA polymerases II and III to snRNA gene 
promoters. 
Oleksandr Dergai1, Pascal Cousin1, Jerome Gouge2, Karishma Satia2, Alessandro 
Vannini2, Nouria Hernandez1 
1Center for Integrative Genomics, Faculty of Biology and Medicine, University of Lausanne, 
1015 Lausanne, Switzerland. 

2Division of Structural Biology, The Institute of Cancer Research, London SW7 3RP, UK. 

The RNA polymerase (pol) II and III snRNA genes share common promoter features: a 
Distal Sequence Element (DSE), which functions as an enhancer, and a Proximal Sequence 
Element (PSE), which is recognized by the five subunit complex SNAPc. In the pol II snRNA 
promoters, the PSE is the sole core promoter element; it nucleates a transcription pre-initiation 
complex (PIC) containing the TATA box binding protein TBP, TFIIB, and other general pol II 
transcription factors. In the pol III snRNA promoters, the PSE is accompanied by a TATA box 
located downstream of the PSE, which recruits the TBP subunit of BRF2-TFIIIB, a three subunit 
complex containing, in addition to TBP, the TFIIB-related factor BRF2 and the SANT domain 
protein BDP1. Because the pol II and III snRNA promoters are so similar, they offer a nice 
system to pinpoint the essential protein-DNA and protein-protein interactions that lead to 
formation of pol II versus a pol III-specific PIC.  

Key factors in the snRNA pol II and pol III transcription pre-initiation complexes (PICs) 
are TFIIB, which recruits pol II, and BRF2, which recruits pol III. To understand how one or the 
other of these two proteins is selectively recruited into a PIC, we reconstituted partial PICs on 
snRNA promoters with or without a TATA-box. We found that TFIIB and BRF2 can both bind 
directly to SNAPc in a TATA-box independent manner through their cyclin-like repeats, and that 
the two proteins compete for SNAPc binding. However, addition of TBP to the reconstructed in 
vitro system revealed key differences in BRF2 and TFIIB recruitment to promoter-bound SNAPc. 
BRF2 binding to SNAPc was enhanced by TBP on a TATA-box containing promoter and 
inhibited by TBP on a TATA-less promoter. This suggests that interaction of BRF2 with TATA 
box-bound TBP or free TBP exposes different BRF2 surfaces with different abilities to interact 
with SNAPc. On the other hand, TFIIB binding to SNAPc was inhibited when TBP, TFIIB, and 
SNAPc were added together to the binding reaction regardless of the presence of a TATA-box in 
the promoter. This suggests that in the presence of both SNAPc and TBP, TFIIB preferentially 
binds to TBP, and that the resulting complex, which is active at TATA box-containing promoters 
of mRNA-coding genes, is unable to bind efficiently to SNAPc. Indeed, a trimeric complex could 
be obtained by sequential, rather than simultaneous, addition of the three proteins. It seems, then, 
that on pol II snRNA promoters, TFIIB is recruited through direct binding to SNAPc, a 
possibility consistent with our observation that TFIIB binds much more strongly to SNAPc than 
BRF2. Intriguingly, TFIIB binding to SNAPc is even stronger when the N-terminal part of the 
protein is deleted, suggesting that as previously observed for mRNA promoters, recruitment of 
TFIIB at snRNA promoters may be stimulated by interaction with an activator that relieves an 
intramolecular interaction between TFIIB N- and C-terminal parts.  
 In summary, the choice of pol II versus pol III at snRNA promoters is based at least in 
part on the selective ability of TATA box-bound TBP, but not free TBP, to favor recruitment of 
BRF2 over TFIIB on PSE-bound promoters, and on the ability of TFIIB to interact directly with 
SNAPc.  
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The HEXIM1 repressor of P-TEFb modulates transcription of its 7SK snRNA 
corepressor partner by RNA polymerase III 
 
Gauri Jawdekar and *R. William Henry 
Department of Biochemistry & Molecular Biology, Michigan State University, East 
Lansing, MI 48824 USA 
 

The small nuclear (sn) RNA activating complex (SNAPC) is a key player in human small 

nuclear RNA gene transcription through its role in promoter recognition for a select 

subset of non-coding RNA genes. Depending upon their specific core promoter 

structures, SNAPC recruits distinct assemblies of general factors to enable transcription 

by either RNA polymerase II or III. To identify novel proteins that are involved in snRNA 

gene regulation, we performed a biochemical fractionation of SNAPC and examined the 

function of associated factors.  In this study, we focus on a factor called HEXIM1 that 

was observed to copurify with SNAPC through extensive rounds of chromatographic 

fractionation. In its canonical role, HEXIM1 forms a complex with 7SK RNA, and 

together, this ribonucleprotein complex inhibits RNA polymerase II transcription of HIV-1 

and cellular genes through its interactions with the elongation factor P-TEFb, composed 

of cyclinT1 and cdk9. Interestingly, the gene encoding 7SK RNA is recognized by 

SNAPc as an early step in its transcription. We show that HEXIM1 also occupies an 

endogenous 7SK snRNA gene promoter and stimulates 7SK snRNA gene transcription 

by RNA polymerase III. In vitro, HEXIM1 interacts with SNAPC and TBP, and stimulates 

their binding to cognate DNA promoter elements, providing a potential biochemical 

mechanism for its effects on RNA polymerase III transcription. In contrast with HEXIM1, 

the cyclinT1 and cdk9 components of P-TEFb are dispensable for 7SK transcription, 

suggesting that HEXIM1 function for RNA polymerase III transcription is independent of 

P-TEFb kinase catalytic activity. Together, these observations reveal a novel role for 

HEXIM1 as an activator of its 7SK snRNA co-repressor partner. These findings also 

implicate the regulated transcription of 7SK RNA by RNA polymerase III as a potential 

attenuator of global RNA polymerase II transcription. 
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The Role of Protein Arginine Methylation in the Regulation of RNA polymerase III 
Transcription 
 

Richoo B. Davis, Neah Likhite, Eric J. Milliman, Christopher Jackson & Michael C. Yu* 

 

Department of Biological Sciences, State University of New York at Buffalo, NY 14260, 
USA 

 

RNA polymerase III (RNAPIII) transcribes small non-coding RNAs that are 
involved in cellular processes such as transcription, splicing, and translation. Cells 
expend a large amount of energy during transcription by RNAPIII and as such, its 
activity needs to be tightly regulated.  Using the budding yeast Saccharomyces 
cerevisiae, we have identified a role for the type I protein arginine methyltransferase, 
Hmt1, in RNAPIII-mediated transcription.  Data from our high resolution genome-wide 
localization analysis revealed an enrichment of Hmt1 at tRNA genes (Milliman et al., 
2012). Further investigation showed that mutants expressing a catalytically inactive form 
of Hmt1 displayed elevated levels of specific tRNAs, indicating a role for Hmt1 in the 
biogenesis of these small RNAs (Milliman et al., 2012).  Herein, we describe our work 
on delineating the molecular mechanism by which Hmt1 modulates RNAPIII 
transcription.  We show that association of Hmt1 to the tRNA genes is dependent on 
RNAPIII-transcription. Also, we have identified Rpc31, a subunit of RNAPIII, as an in 
vitro substrate of Hmt1 and defined the arginines necessary for it’s methylation.  
Furthermore, we demonstrate that this modification is conserved in one of Rpc31’s 
human homologs, Rpc32E, but not Rpc32D. This implicates a potential role for 
regulating different RNAPIII complexes via methylation.  We will discuss our current 
work on how methylation regulates transcription by RNAPIII via the Rpc31 subunit. 
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Assembly of SNAPc and TFIIIB on a Drosophila U6 snRNA gene promoter.!!
 
Neha Verma1, Jin Joo Kang2, and William E. Stumph2*.  
 
1Department of Biology and 2Department of Chemistry and Biochemistry and 
1,2Molecular Biology Institute, San Diego State University, San Diego, CA 92182, USA. 
 
In higher organisms, RNA polymerase III promoters at U6 snRNA genes consist of 1) 
a TATA box recognized by TFIIIB and 2) a proximal sequence element (PSE, or more 
specifically PSEA in Drosophila melanogaster, our model system) that is located 
upstream of position -40 and is recognized by the multi-subunit small nuclear RNA 
activating protein complex (SNAPc). In fruit flies, DmSNAPc consists of three subunits: 
DmSNAP190, DmSNAP50, and DmSNAP43. TFIIIB likewise consists of three 
subunits, most commonly TBP, Brf1, and Bdp1. At Drosophila tRNA and 5S RNA 
promoters, TBP-related factor 1 (TRF1) is utilized in place of TBP, but at U6 promoters 
the canonical TBP is utilized for RNA polymerase III transcription (1). Flies do not 
contain an ortholog of Brf2 (specific for U6-like promoters in mammals), so TFIIIB at fly 
U6 promoters consists of TBP, Brf1, and Bdp1. 
 
To map U6 promoter nucleotides that are in close proximity to each of the three 
individual TFIIIB subunits, we have carried out site-specific protein-DNA photo-cross-
linking of fruit fly TFIIIB assembled on the TATA box of a U6 snRNA gene. Those 
results localized TBP to the TATA box, whereas Brf1 cross-linked strongly to 
nucleotides upstream and within the TATA box. Bdp1 cross-linked strongly to 
nucleotides both upstream and downstream of the TATA box, including strong cross-
linking at least as far as ten nucleotides upstream of the TATA box. Based upon 
previous site specific cross-linking of DmSNAPc to U6 DNA, this result places Bdp1 in 
close proximity to DmSNAP43 and DmSNAP190 on the U6 promoter DNA.  
 
The above finding suggests that interaction between DmSNAPc and TFIIIB may be 
mediated, at least in part, by Bdp1. We have investigated this further by EMSA 
experiments. Surprisingly, we have found that DmSNAPc, when bound to the U6 
PSEA, can recruit Bdp1 to the DNA in the absence of TBP and Brf1. This suggests 
that a DmSNAPc-Bdp1 complex bound to the DNA may be involved in recruiting TBP 
and Brf1 to the TATA box. Furthermore, a body of previous work has shown that 
DmSNAPc binds to U6 and U1 promoters (transcribed by Pol II) in distinct 
conformations. Interestingly, if the U6 PSEA is switched to a U1 PSEA by a 5-
nucleotide change, DmSNAPc binds but is unable to recruit Bdp1. This suggests that a 
surface of DmSNAPc that interacts with Bdp1 may be occluded when DmSNAPc binds 
to a U1 PSEA (Supported by the NSF and in part by the California Metabolic Research 
Foundation.) 
 
(1) N. Verma, K.-H. Hung, J. J. Kang, N. H. Barakat, and W. E. Stumph. Differential 
Utilization of TATA Box-binding Protein (TBP) and TBP-related Factor 1 (TRF1) at 
Different Classes of RNA Polymerase III Promoters. J. Biol. Chem. 288, 27564-27570 
(2013). 
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MAF1%at%the%crosstalk%between%transcription%and%translation%regulation.%

Nicolas( Bonhoure1,( Viviane( Praz1,( Andrea( Orioli1,( Catherine( Moret1,( Robyn(Moir2,( Ian(

Willis2,(Nouria(Hernandez1(
1Center( for( Integrative( Genomics,( Faculty( of( Biology( and( Medicine,( University( of(

Lausanne,( Lausanne,( Switzerland,( and( 2Department( of( Biochemistry,( Albert( Einstein(

College(of(Medicine,(Bronx,(New(York(10461,(USA(

(

( In(S.#cerevisiae,(repression(RNA(polymerase((pol)(III(transcription(in(response(to(

stress( largely( depends( on( the( protein( Maf1,( which( is( inactivated( by( phosphorylation(

through( several( pathways,( in( particular( the( Tor( pathway.( Upon( stress,( Maf1( is(

dephosphorylated(and(can(then(bind(to,(and(inhibit,(pol(III.(We(have(shown(before(that(a(

whole(body(Maf1(knockXout(mouse(is(resistant(to(high(fat(dietXinduced(obesity,(in(part(as(

a(result(of(a(futile(cycle(of(increased(synthesis(and(degradation(of(tRNAs.(

We(have(now(examined(genomeXwide(pol(III(occupancy(in(the(liver(of(wildXtype(

and(Maf1( knockXout(mice( under( fed( and( fasted( conditions.( Pol( III( occupies( about( 500(

genomic(loci(in(the(mouse(liver,(the(large(majority(of(which(are(tRNA(genes.(We(find(that(

pol(III(occupancy(is( increased(in(Maf1(KO(mice,(and(that(the(effect( is( largest(under(fed(

conditions,( suggesting( that( MAF1( keeps( pol( III( transcription( in( check( under( a( wide(

variety(of(conditions.((

Increased( pol( III( activity( has( previously( been( reported( to( lead( to( increased(

translation(in(cultured(cells.((We(have(therefore(examined(translation(in(the(Maf1(knockX

out(mice.(We( find( that( translation( is( decreased,( rather( than( increased,( in( the( livers( of(

these(mice,(and( that( this( likely(results( from(altered( tRNA(modifications.(These(results,(

together(with(observations(that(MAF1(occupies(some(pol(III(genes(even(under(favorable(

conditions( in( cultured( cells,( suggest( that( in(mammalian( cells,( MAF1( control( of( pol( III(

transcription( is( chronic( rather( than( an( acute,( and( that( the( exact( dosage( of(MAF1( can(

have(widely( different( effects( on( translation,( at( least( in( part( via( differential( effects( on(

tRNA(modification.((
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Aggregation and amyloid fiber formation by Mod5 is affected by RNA binding.  
 
Read, D.F.#, ,Waller, T.J.#, Tse, E.# ¶, Southworth, D.R.# ¶, Smaldino, P.J.# , Engelke, D.R.# *,  
 
From the Departments of:  
#Biological Chemistry, University of Michigan, Ann Arbor, Michigan 48109  
¶Life Sciences Institute, University of Michigan, Ann Arbor, Michigan 48109  
*Lab Director 
 
The first two authors of this manuscript (DFR and TJW) contributed equally. 
 
Abstract: 
Mod5 is a multifunctional protein that modifies a subset of tRNAs in the cytoplasm and is also 
required for an RNA-mediated form of transcriptional silencing near tRNA genes in the nucleus. 
Enzymatic modification of tRNA substrates has strict sequence requirements of a triple-A at the 
target nucleotide, A37, one residue downstream of the anticodon. Previous in vivo studies have 
shown that the nuclear silencing function of Mod5 does not require that the causative tRNA 
gene encode a Mod5 substrate, even though Mod5 is still required. This suggests that the 
sequence specificity of Mod5 for cytoplasmic modification of tRNA is distinct from that of its 
nuclear role in gene silencing. However, previous data have not directly tested whether Mod5 
can directly bind RNA, or if there are differences in the affinities of binding for substrate and 
nonsubstrate RNAs. We herein demonstrate that Mod5 directly binds similarly to both substrate 
and nonsubstrate tRNAs, though another type of highly structured RNA, 5S rRNA, binds less 
tightly than the other nonsubstrates. These results are consistent with the in vivo data that 
nonsubstrate pre-tRNA genes can cause tRNA gene mediated silencing and that pre-tRNAs 
from these genes are found bound to Mod5 in vivo. Furthermore, we show that some RNAs 
accelerate the aggregation behavior of Mod5, and that amyloid fiber formation by Mod5 is 
affected by RNA binding.  
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Transcriptional interference by RNA polymerase III regulates expression 
of the Polr3e gene. 
 
Meghdad Yeganeh, Viviane Praz, and Nouria Hernandez* 
 
Center for Integrative Genomics, Faculty of Biology and Medicine, University 
of Lausanne, Lausanne, Switzerland 
  
Many genes in the genomes of different organisms overlap. When two 
genes overlap, their expression can affect each other. Here we show that 
there are 140 potential RNA polymerase III (Pol3)-transcribed genes 
embedded in RNA polymerase II (Pol2)-transcribed genes. Most of these 
non-coding Pol3 genes have no known function but might have evolved a 
regulatory function by affecting the expression of their host pol2 genes. In 
this study we focused on one of these Pol3 genes, a MIR SINE. This MIR 
gene is nested in the first intron of the Polr3e gene, which encodes a 
subunit of Pol3 essential for its function. The MIR is highly occupied by Pol3 
and is transcribed in antisense direction relative to the Polr3e gene, both in 
mouse and human cells. Intriguingly, Pol2 accumulates in a region 
encompassing the 3' end of the MIR gene, suggesting that it might pause at 
this location. CRISPR/Cas9-mediated deletion of the MIR in mouse 
embryonic stem cells results in increased Polr3e mRNA and protein levels, 
leading to an increase in Pol3 activity as measured by qPCR on several 
tRNA precursors. ChIP-qPCR experiments reveal that when the MIR is 
removed, neither Pol3 nor Pol2 accumulate around the MIR region. 
Furthermore, when the MIR is overexpressed from distant loci in the 
genome, the level of Polr3e gene expression remains unchanged, 
suggesting no trans effect of the MIR transcript on Polr3e gene expression. 
The cis regulation of the Polr3e gene can thus be explained by a 
transcriptional interference mechanism between elongating Pol2 
transcribing Polr3e and Pol3 or its bound transcription factors on the MIR. 
This transcriptional interference can slow down or pause Pol2, leading to its 
accumulation on the MIR. This work reveals a potential negative feedback 
loop, where increased Pol3 activity would lead to increased MIR 
transcription and thus decreased expression a POLR3E, leading in turn to 
decreased Pol3 activity.   
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Molecular architecture of RNA Polymerase I Upstream Activating Factor resembles a hybrid 
nucleosome-like core structure 
 
Marissa L. Smith, Bruce A. Knutson 
 
SUNY Upstate Medical University, Department of Biochemistry and Molecular Biology, Syracuse, NY 
13210, USA 
 
RNA polymerase I (Pol I) pre-initiation complex (PIC) formation is orchestrated by the binding of four 
general transcription factors (GTFs) to the rDNA promoter.  Among these Pol I GTFs, the least is known 
about Upstream Activating Factor (UAF).  UAF is a multi-subunit protein complex composed of Rrn5, 
Rrn10, Rrn9, Uaf30, and Histones H3 and H4.  It is unclear how UAF assembles, how the UAF subunits 
are spatially organized, and how UAF binds to the Pol I promoter.  We developed a reconstituted system 
to express and purify the entire UAF complex in bacteria and used chemical crosslinking combined with 
high-resolution mass spectrometry (CXMS) to determine the molecular architecture of UAF.  We detected 
over 100 unique crosslinks within UAF.  By integrating CXMS with bioinformatics and homology modeling, 
we predicted a potential 3D topological model of UAF, and validated this model with molecular genetic 
growth assays and biochemical interaction assays.		Our results support a model where the predicted 
histone-fold domains of two UAF-specific subunits combine with Histones H3 and H4 to form a hybrid 
nucleosome-like core structure that is essential for UAF complex integrity.  Together, these results 
provide a new and testable model for how UAF interacts with the rDNA promoter to stimulate 
transcription.   
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Mutations in Polr3a and Polr3b variably impair mouse development 

Karine Choquet1,2,3, Roxanne Larivière1, Nicolas Sgarioto1, Marie-Josée Dicaire1, 
Sharon Yang1, Geneviève Bernard4,5,6, Martin Teichmann7, Claudia L. Kleinman2,3, 
Bernard Brais*1,2

1) Montreal Neurological Institute, McGill University, Montreal, Québec, Canada. 2)
Department of Human Genetics, McGill University, Montreal, Québec, Canada. 3) 
Lady Davis Institute, Jewish General Hospital, Montreal, Québec, Canada. 4) 
Departments of Neurology and Neurosurgery, and Pediatrics, McGill University, 
Montreal, Canada. 5) Department of Medical Genetics, Montreal Children’s Hospital, 
McGill University Health Center, Montreal, Canada. 6) Child Health and Human 
Development Program, Research Institute of the McGill University Health Center, 
Montreal, Canada. 7) INSERM U869, Institut Européen de Chimie et Biologie, 
Université Bordeaux Segalen, Bordeaux, France.  

RNA Polymerase III (Pol III) is an essential enzyme responsible for the transcription of 
transfer RNAs and many non-coding RNAs. Mutations in POLR3A and POLR3B, 
encoding the two largest subunits of Pol III, cause POLR3-related leukodystrophy. 
This disease is characterized by a severe defect in central nervous system (CNS) 
myelination leading to ataxia, tremor, loss of gait and speech and premature death. 
We hypothesized that mutations in POLR3A or POLR3B alter Pol III’s transcription 
efficiency, leading to deregulation of key Pol III transcripts essential for normal 
oligodendrocyte development and survival. In order to have access to the relevant 
CNS tissues, we obtained knock-in (KI) mouse models for the Polr3a c.2015G>A 
(p.G672E) and Polr3b c.308G>A (p.R103H) mutations. We also generated compound 
heterozygous mice for one Polr3a KI and one Polr3a KO allele (KI/KO). Both 
homozygous Polr3a KI (KI/KI) and Polr3a KI/KO mice are viable, reproduce normally 
and do not display a grossly abnormal phenotype at 10 months of age. In contrast, 
homozygous Polr3b KI/KI mice are embryonically lethal very early during 
development. In fact, after weaning and at E9.5, only wild-type (WT) (18/70) and 
heterozygote animals (52/70) were detected. To establish if Polr3a KI/KI and KI/KO 
mice manifest impaired motor function, WT, KI/KI and KI/KO mice (n=15 per group) 
were submitted to an array of behavioral tests. The three groups performed 
comparably on all tests at 40 and 90 days old, but KI/KI mice displayed mild gait 
abnormalities at 270 and 365 days old. Interestingly, KI/KO mice significantly 
overexpress Polr3a mRNA compared to WT and KI/KI mice. This suggests that a 
higher level of Polr3a mRNA compensates for the KO allele. In conclusion, our results 
indicate that mutations in Polr3a and Polr3b can variably impair mouse development 
and that other mutations in Polr3a or Polr3b may lead to a clinical mouse phenotype 
that better recapitulates the human disease. Developing a proper model of POLR3-
related leukodystrophy is crucial to gain insight into the pathophysiological 
mechanisms involved in this devastating neurodegenerative disease. 
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Defining the contribution of the A12 subunit to RNA polymerase I activity. 

Catherine E. Scull, Francis D. Appling, and David A. Schneider*. 

Department of Biochemistry and Molecular Genetics, University of Alabama at 
Birmingham, Birmingham, AL 35294, USA 

RNA Polymerase I (Pol I) is a 14 subunit eukaryotic RNA polymerase that is responsible 
for synthesizing the three largest ribosomal RNAs.  In yeast, ribosomal DNA (rDNA) 
genes are tandemly repeated 150-200 times per haploid genome. Pol I activity accounts 
for up to 60% of nuclear transcription in actively growing yeast cells. This high 
transcriptional output is achieved in part by maintaining a large number of polymerases 
on each rDNA repeat.  In order to coordinate the initiation, elongation, and termination 
events occurring simultaneously on the rDNA, tight regulation of Pol I transcription is 
critical.  Rpa12.2 (A12) is a subunit of Pol I, that has been characterized as a Pol I 
elongation termination factor.  In addition to its roles in termination, A12 is also essential 
for Pol I’s nucleolytic cleavage activity.  In this study we have used a [salt]-jump strategy 
to examine elongation complex (EC) dissociation kinetics in order to determine how A12 
affects the kinetic stability of the elongation complex.  At all salt concentrations tested, a 
mutant Pol I isoform lacking the A12 subunit (ΔA12) displayed much longer EC 
residence times as compared to wild-type (WT) Pol I.  In addition, ΔA12 EC dissociation 
kinetics display a markedly decreased dependency on changes in salt concentration.  
Importantly, the dramatic difference observed between WT and ΔA12 EC dissociation 
kinetics and [salt] dependencies provide evidence that the A12 subunit has a significant 
effect on polymerase – nucleic acid interactions in the context of the EC.  These data 
lead us to hypothesize that A12 may play a role in destabilizing halted polymerases on 
the rDNA and/or facilitate the Pol I termination process. Therefore, A12 appears to be a 
key factor in the prevention of Pol I “traffic jams” on the rDNA and thus is a critical 
component in the regulation of Pol I transcription. 
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DNA template sequence affects RNA polymerase I elongation kinetics in vitro. 
 
Andrew Clarke1, Chad Petit*1 and David Schneider*1 

 
1Department of Biochemistry and Molecular Genetics, The University of Alabama at 
Birmingham, Birmingham, AL 35924, USA 
 
DNA sequence motifs which disrupt RNA polymerase elongation are well-studied in prokaryotic 
organisms, and form a major basis for regulation in their transcription systems (1-3). Despite the 
great volume of work focusing on the regulation of transcription by eukaryotic RNA 
polymerases, there is a gap in our understanding of how DNA template sequences influence 
transcription elongation by eukaryotic RNA polymerase I. In this study, we tested the hypothesis 
that the recognition of these elongation-affecting motifs are conserved in eukaryotic RNA 
polymerase I, and that these motifs play a critical role in the regulation of its transcription. First, 
we characterized the effect of the prokaryotic rho-independent terminator sequence motif on 
RNA polymerase I elongation kinetics using in vitro transcription. Next, we isolated and 
characterized a similar sequence from S. cerevisiae previously shown to affect RNA polymerase 
I elongation kinetics. We demonstrated that recognition of the rho-independent terminator 
sequence motif is conserved in RNA polymerase I, and were able to establish the importance of 
each element in the motif to the perturbation of polymerase elongation. Furthermore, we 
identified the presence of similar elements in the S. cerevisiae genome, and further 
demonstrated that these elements have a similar effect on RNA polymerase I transcription 
elongation in vitro. Taken together, these findings demonstrate conservation of sequence motif 
recognition between eukaryotic and prokaryotic DNA-dependent RNA polymerases, and 
implicate DNA template sequence motifs as control elements for RNA polymerase I transcription 
elongation in S. cerevisiae. 
 
(1) Lost, I., et. al., EMBO J., 1995  
(2) Gong, feng, et. al., J. Bacteriol., 2003 
(3) Artsimovitch, irina, et. al., Proc. Natl. Acad. Sci., 2003 
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3D modelling of yeast Saccharomyces cerevisae ribosomal DNA in vivo 
 
Lise Dauban1, Renjie Wang1, Frédérick Beckouët1 and Olivier Gadal1 
 
1 LBME du CNRS, Bât IBCG 118 route de Narbonne, 31400 Toulouse, France 
 
Understanding 3D genome organization has become a priority in the last past few 
years. Several high-resolution genome wide techniques have been developed 
derived from Chromosome conformation capture (1) and named C-techniques for 
Capture-techniques. They rely in long-range interaction detection by high throughput 
sequencing, after chromatin cross-linking. Many advances have been made, using 
these C-techniques, in 3D modeling of several species genomes such as Drosophila 
melanogaster, Saccharomyces cerevisae and different human cell lines. However, 
repetitive sequences cannot be analyzed using C-technics.  
 
Here we propose to develop a microscopic approach to explore in 3D and in vivo 
yeast S. cerevisiae the repetitive organization of ribosomal DNA. To this aim we take 
advantage of a strain in which binding sites for fluorescent proteins have been 
inserted in every copy of the ribosomal DNA (2). We can therefore fluorescently label 
the entire array of ribosomal DNA. Using spinning-disk confocal microscopy, and 
dedicated image analysis, we could explore the structure of rDNA in 3D. We confirm 
that rDNA adopts different structures according to cell cycle stages, as previously 
seen by FISH. We thus possess a powerful technique, complementary to C-
techniques to explore structure/function linking rRNA synthesis and rDNA structure.  
 
 
1.	 J.	Dekker,	K.	Rippe,	M.	Dekker,	N.	Kleckner,	Capturing	chromosome	conformation.	

Science	295,	1306-1311	(2002).	
2.	 T.	Miyazaki,	T.	Kobayashi,	Visualization	of	the	dynamic	behavior	of	ribosomal	

RNA	gene	repeats	in	living	yeast	cells.	Genes	Cells	16,	491-502	(2011).	
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Functional studies of RNA Pol III interplay with RNA Pol II 
 
Alan Gerber, Robert G. Roeder 
 
Several ChIP-seq studies performed in human and mouse cells uncovered an unexpected 
localization of Pol II and histone marks usually associated with class II genes slightly upstream 
of multiple Pol III target genes. Although the role of such proximity between the two types of 
transcriptional machinery remains hitherto obscure, the current view favors a model where Pol 
II helps open chromatin, thereby allowing accessibility of Pol III or its associated factors to their 
nearby targets. Cells treated with α-amanitin, an inhibitor that blocks Pol II transcription after 
preinitiation complex formation, has however limited effects on Pol III transcription (Raha et al. 
2010, Barski et al. 2010). Although the long half-life of Pol III transcribed RNAs might mask the 
effect of the drug, it is alternatively proposed that Pol II preinitiation complex formation, rather 
than elongation facilitates expression of the Pol III genes (Oler et al 2010, Moqtaderi et al. 
2010). Finally, one might also consider the reciprocal hypothesis in which Pol III and/or 
associated factors participate in establishing chromatin environment favorable for Pol II 
recruitment. Indeed, numerous tRNA genes reside in close proximity to transcriptional start 
sites of class II genes (Moqtaderi et al. 2010, Canella et al. 2012) and it has been hypothesized 
that Pol II could even be improperly recruited at very active Pol III genes located far from any 
other transcribed gene (Canella et al. 2012). In any case, the involvement of one type of 
transcriptional machinery in the regulation of another type has never been functionally 
explored. We propose to investigate the interplay between Pol II and Pol III and associated 
factors in vivo by performing metabolic labelling of newly synthetized RNAs in cell lines in 
which endogenous Pol II, Pol III and the transcription factor TFIIIC can be degraded at will. 
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The regulation of rRNA gene transcription during directed differentiation of human 
embryonic stem cells.   

Woolnough, J.L.*, Atwood, B.L., Liu, Z., Zhao, R., Giles, K.E#. 

The Stem Cell Institute, Dept. of Biochemistry and Molecular Genetics, University of Alabama at 
Birmingham, Birmingham, AL 35294. 

To further our understanding of the relationship between rRNA synthesis and 

pluripotency we closely monitored the reduction of rRNA synthesis during the directed 

differentiation of human embryonic stem cells (hESCs).  We discovered that the rRNA synthesis 

rate is reduced ~50% within 6 hours of ACTIVIN A treatment.  This precedes reductions in 

expression of specific stem cell markers and increases in expression of specific germ layer 

markers.  The change in rRNA synthesis is concomitant with dissociation of UBTF from the 

rRNA gene promoter and precedes any increase to heterochromatin throughout the rRNA gene. 

The loss of pluripotency and the induction of lineage specific gene expression markers can be 

induced by reducing rRNA synthesis directly with the Pol I inhibitor, CX-5461.  The direct 

reduction of rRNA synthesis induces the expression of markers for all three germ layers, and is 

distinct from the ACTIVIN A induced changes.  This indicates that the disruption of nucleolar 

function simultaneously triggers the differentiation of hESCs, which is consistent with numerous 

similar reports.  These results suggest the existence of a nucleolar sensor that can 

simultaneously “monitor” the transcriptional activity of Pol I and “communicate” this activity to 

the remainder of the genome.  We demonstrate the tumor suppressor protein pRB becomes 

activated within 6 hours of ACTIVIN A treatment, which is concomitant with the reduction of the 

rRNA gene transcription rate.  We investigate the impact of pRB knockdown on rRNA gene 

transcription, and hESC differentiation, as well as its ability to interact with components of the 

Pol I transcriptional machinery.   We hypothesize that pRB functions as a molecular sensor that 

can allows changes in nucleolar function to induce the differentiation of pluripotent stem cells.    
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DEVELOPMENT AND VALIDATION OF A NOVEL RNA IN SITU HYBRIDIZATION ASSAY 
TO DETECT RNA POLYMERASE I ACTIVITY IN VIVO  

Gunes Guner1, Paul Sirajuddin2, Qizhi Zheng1, Baoyan Bai2, Alexandra Brody2, Hester Liu2, 
Taija af Hällström3, Ibrahim Kulac1, Marikki Laiho2, Angelo M. De Marzo1. 1 Department of 
Pathology, Johns Hopkins University School of Medicine, Baltimore, MD 21231, USA, 
2Department of Radiation Oncology and Molecular Radiation Sciences and Sidney Kimmel 
Comprehensive Cancer Center, Johns Hopkins University School of Medicine, Baltimore, MD 
21231, USA; 3 Institute for Molecular Medicine Finland, University of Helsinki, Helsinki, 00014, 
Finland 

Ribosome biogenesis is a critical process required to supplement cellular proteins requisite for 
the cancer phenotype such as increase in cell replication. Ribosome synthesis is a complex 
process that is stimulated by a number of well-studied oncogenic pathways (MYC, mTOR, RAS-
RAF-ERK) and repressed by tumor suppressors (pRb, p53, PTEN, p14/ARF). A key first step in 
ribosome biogenesis is the increased synthesis by RNA Polymerase I (Pol I) of the precursor 
rRNA, referred to as 45S rRNA, that is later processed into the 28S, 5.8S and 18S mature rRNA 
forms. This process is compartmentalized into the nucleolus. As such, the pharmacological 
inhibition of RNA Pol I is becoming a potentially important therapeutic strategy in cancer.  A 
validated assay that can reflect relative levels of Pol I activity in routinely obtained tissue 
specimens would be a useful tool. For example it would allow the pretreatment screening (as a 
predictive biomarker) for those tumors likely to respond to Pol I inhibition, and, could also serve 
as a pharmacodynamic biomarker of Pol I inhibition. The 5’ external transcribed spacer (5’ETS) 
of the nascent precursor 45S transcript is rapidly removed and degraded; thus, its levels can be 
used as a surrogate for new rRNA transcription. 

We employed branched DNA amplified RNA in situ hybridization (ISH) using probes developed 
with Advanced Cellular Diagnostics. The 5’ ETS ISH signal was restricted to nucleoli. The signal 
was markedly attenuated in cell lines and in formalin fixed paraffin embedded (FFPE) prostate 
tissue slices after pharmacological inhibition of RNA Pol I using BMH-21 or actinomycin D, 
demonstrating validity as a measure of RNA Pol I transcriptional activity. In clinical human 
prostate FFPE tissue sections and TMAs there was a marked increase in the signal in the 
presumptive precursor lesion (high grade prostatic intraepithelial neoplasia/HGPIN) and in 
invasive adenocarcinoma lesions (Kruskal-Wallis, p=0.0001 and p=0.0001, respectively) 
compared with normal luminal epithelium. These results are consistent with prior work using RT-
PCR showing an increase in 5’ ETS/45S rRNA levels in prostate cancer tissues. In 
adenocarcinomas, the increase in 5’ ETS/45S signal was present throughout all Gleason scores 
and pathological stages at radical prostatectomy, with no marked difference among these. 

We developed and analytically validated a chromogenic in situ hybridization protocol using 
RNAscope for detecting the 5’ ETS rRNA precursor in FFPE human tissues. This novel assay 
was used to show increased rRNA transcription in human clinical samples of PIN and 
carcinoma, and should prove useful for detection of increased rRNA production in various tumor 
types and as a novel pharmacodynamic biomarker in clinical trials of RNA Pol I inhibitors. 
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Regulation of BIR1 expression by RNA-Directed DNA Methylation pathway 

Irene Guzmán-Benito1,2, Livia Donaire2, Virginia Ruíz-Ferrer2, Andrzej T. 
Wierzbicki*1 and César Llave*2. 

1University of Michigan, Department of Molecular, Cellular and Developmental 
Biology, Ann Arbor, MI 48109, USA. 
2Department of Environmental Biology, Centro de Investigaciones Biológicas, 
CSIC, Ramiro de Maeztu 9, 28040 Madrid, Spain. 

BAK1-INTERACTING RECEPTOR-LIKE KINASE (BIR1) is a negative regulator 
of the basal innate immunity in plants that interacts with the membrane-bound 
co-receptor BRASSINOSTEROID INSENSITIVE1-ASSOCIATED RECEPTOR 
KINASE1 (BAK1). BAK1 is a general positive regulator of several signaling 
pathways. Under normal developmental conditions, BIR1 is constitutively 
expressed in all plant tissues to impair undesired activation of plant defense. In 
the Arabidopsis bir1-1 mutant plants exhibit constitutive expression of defense-
related genes, strong dwarfism and developmental abnormalities. Due to its role 
as repressor of basal immune response, its expression has to be tightly 
regulated during development and in response to pathogen challenge. 
Inspection of the MPSS database reveals that the promoter region of the BIR1 
gene in Arabidopsis produces large amounts of small interfering RNAs (siRNA) 
of 24 nts in a region strongly methylated. This prompted us to hypothesize that 
BIR1 is transcriptionally regulated under normal growing conditions by a 
mechanism that involves RNA-directed DNA methylation (RdDM). 

Whole genome bisulfite sequencing (WGBS) of Arabidopsis confirms our 
previous observation indicating that cytosines at the BIR1 promoter are 
methylated in the CG, CHG and CHH contexts. The asymmetrical cytosine 
methylation is substantially alleviated in nrpe1 and ago4 mutants. Furthermore, 
PolV transcripts corresponding to the BIR1 promoter were identified by RNA 
immunoprecipitation (RIP-seq). These results suggest that the predicted BIR1 
promoter is methylated by RdDM mediated by PolV.   

In this research, we use a series of experimental approaches to compare BIR1 
expression between wild-type Arabidopsis and several RdDM-defective genetic 
backgrounds. Preliminary data in our lab suggests that BIR1 expression is 
triggered by treatment with salicylic acid (SA), a major player of plant immunity. 
To understand the effect of SA on BIR1 activation, we also analyze the 
methylation of the BIR1 promoter after SA treatment in a time-course assay. 
Our results contribute to understanding the underlying mechanism of BIR1 
regulation under normal developing conditions. 
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Human&MAF1&targets&and&represses&active&RNA&polymerase&III&genes&by&
preventing&recruitment&rather&than&inducing&long=term&transcriptional&arrest&
&
Andrea&Orioli1,&Viviane&Praz1,2,&Philippe&Lhôte1,&and&Nouria&Hernandez1&
&
1Center&for&Integrative&Genomics,&Faculty&of&Biology&and&Medicine,&University&of&
Lausanne,&and&2Swiss&Institute&of&Bioinformatics,&1015&Lausanne,&Switzerland&
&
RNA&polymerase&III&(Pol&III)&is&tightly&controlled&in&response&to&environmental&
cues,&yet&a&genomic&scale&picture&of&Pol&III&regulation&and&the&role&played&by&its&
repressor&MAF1&is&lacking.&To&address&this&question,&we&have&mapped,&genome=
wide,&pol&III&occupancy&by&ChIP=seq&and&MAF1&occupancy&by&DamIP=seq&in&
human&IMR90Tert&cells&under&various&conditions&such&as&serum=replete,&serum=
starved,&and&serum=starved&and&then&treated&with&insulin&in&the&absence&of&
presence&of&rapamycin.&&We&find&three&broad&categories&of&genes,&those&that&are&
unoccupied&by&pol&III&and&remain&so&under&all&conditions,&those&variably&occupied&
under&different&conditions,&and&those&occupied&similarly&under&all&conditions.&&&
Repression&of&Pol&III&recruitment&and&transcription&are&tightly&linked&to&MAF1,&
which&selectively&localizes&at&Pol&III&loci,&even&under&serum=replete&conditions,&
and&increasingly&targets&transcribing&Pol&III&in&response&to&serum&starvation.&
Combining&Pol&III&binding&profiles&with&EU=labeling&and&high=throughput&
sequencing&of&newly&synthesized&small&RNAs,&we&show&that&Pol&III&occupancy&
closely&reflects&ongoing&transcription.&Our&results&exclude&the&long=term,&
unproductive&arrest&of&Pol&III&on&the&DNA&as&a&major&regulatory&mechanism&and&
identify&previously&uncharacterized,&differential&coordination&in&Pol&III&binding&
and&transcription&under&different&growth&conditions.&
&

POSTER ABSTRACTS

61



Structural insights into Pol III and its transcription factor TFIIIC  
 
Niklas A. Hoffmann, Heena Khatter, Matthias K. Vorländer and Christoph W. Müller*  
 
European Molecular Biology Laboratory (EMBL), Heidelberg, Germany 

RNA polymerase III (Pol III) is the largest eukaryotic RNA polymerase, comprises 17 
subunits (0.7 MDa) and transcribes short, structured RNAs such as tRNAs. Here, we 
present the first molecular structures of the Pol III elongating complex and the apo 
Pol III enzyme obtained by single-particle electron cryomicroscopy (cryo-EM). The 
final map of elongating Pol III exceeds below 3.5 Å in the core (average resolution 
3.9 Å) and was used to build and refine an atomic structure of Pol III[1]. Together 
with two additional reconstructions of apo Pol III, the structures provide numerous 
mechanistic insights into Pol III transcription and complete the gallery of eukaryotic 
RNA polymerases. The elongating Pol III tightly associates transcribed DNA further 
downstream than previously observed for Pol II, and at the same time the DNA/RNA 
duplex is looser associated in the active site. Both Pol III specific subcomplexes 
C82/C34/C31, also termed heterotrimer, and C53/C37, termed heterodimer, show 
striking adaptations towards the transcription of short RNAs. Additionally, two distinct 
conformations of apo Pol III were obtained from the same dataset and show explicit 
positions of the stalk, the heterotrimer and the clamp subdomain of the largest Pol III 
subunit on the core which gives implications for Pol III specific initiation. 

The obtained structures provide the basis for expanding the Pol III system towards a 
Pol III pre-initiation complex containing the transcription factors TFIIIB and TFIIIC. So 
far our lab has explored the overall architecture of TFIIIC and discovered the link 
between the two TFIIIC subcomplexes طA and طB[2]. We are currently further 
pursuing this study to understand the mechanism that underlies Pol III initiation, 
including the incorporation of TFIIIB and the structural interplay between different 
initiation states of Pol III. Taken together, we provide the first molecular structure of 
Pol III and provide novel insights into Pol III specific transcription and adaptation 
towards its transcription targets. 

 

[1] Hoffmann, N.A., Jakobi, A.J., Moreno-Morcillo, M., Glatt, S., Kosinski, J., Hagen, W.J., Sachse, C. and 
Muller, C.W. (2015). Molecular structures of unbound and transcribing RNA polymerase III. Nature 528, 
231-6. 

[2] Male, G., von Appen, A., Glatt, S., Taylor, N.M., Cristovao, M., Groetsch, H., Beck, M. and Muller, C.W. 
(2015). Architecture of TFIIIC and its role in RNA polymerase III pre-initiation complex assembly. Nat 
Commun 6, 7387. 

 

 

POSTER ABSTRACTS

62



Interaction of Drosophila TFIIIB with a U6 snRNA Gene Promoter Mapped by 
Site-specific Protein-DNA Photo-cross-linking.!!
 
Jin Joo Kang, Yoon Soon Kang, and William E. Stumph*.  
 
Department of Chemistry and Biochemistry, San Diego State University, San Diego, 
CA 92182-1030, USA. 
 
Promoters for RNA polymerase III are classified into three different types: Types I 
and II are gene-internal and commonly TATA-less. In contrast, type III promoters are 
gene-external and contain a TATA sequence as well as a required upstream 
proximal sequence element (PSE). U6 snRNA genes are transcribed by RNA 
polymerase III and utilize type III promoters in higher organisms.  The TATA 
sequence is recognized by the general transcription factor TFIIIB, which is 
responsible for assembling an RNA polymerase III initiation complex. 
 
In general, TFIIIB is composed of three distinct subunits, most commonly TBP, Brf1 
and Bdp1. In the fruit fly Drosophila melanogaster, TRF1 (TBP-related factor 1) is 
utilized instead of TBP at type I and type II Pol III promoters, but U6 snRNA genes 
and other type III promoters employ canonical TBP (1). Interestingly, mammalian U6 
transcription requires a unique and distinct form of Brf known as Brf2. However, the 
fly genome does not encode a protein orthologous to mammalian Brf2, so fly U6 
transcription instead utilizes the canonical Brf1 at type III Pol III promoters. 
 
At the present time, the overall structures of TFIIIB and particularly the Brf1 and Bdp1 
subunits are not well known. In work by others in Saccharomyces cerevisiae, the 
interaction of TFIIIB subunits with promoter DNA was studied by site-specific protein-
DNA cross-linking that employed ABdUMP as a photoreactive base that was inserted 
into DNA probes at positions normally occupied by T residues. As an alternative 
more "high resolution" approach, we have introduced photo-cross-linker at every 
second phosphate position on both the template and the non-template strands within 
and surrounding the fly U6 TATA box over a region of 30 base pairs.  

We have in this manner mapped the locations where each of the TFIIIB subunits lies 
in close proximity to the DNA. Brf1 cross-linked strongly to the DNA within and 
upstream of the TATA box, whereas Bdp1 cross-linked strongly both upstream and 
downstream but not within the TATA sequence. The results reveal that a part of Brf1 
is sandwiched between Bdp1 and TBP upstream of the TATA box. In addition, Bdp1 
traverses the DNA under the N-terminal stirrup of TBP to interact with the DNA (and 
very likely Brf1) downstream of the TATA sequence. (Supported by the National 
Science Foundation and in part by the California Metabolic Research Foundation.) 
 
(1) N. Verma, K.-H. Hung, J. J. Kang, N. H. Barakat, and W. E. Stumph. Differential 
Utilization of TATA Box-binding Protein (TBP) and TBP-related Factor 1 (TRF1) at 
Different Classes of RNA Polymerase III Promoters. J. Biol. Chem. 288, 27564-
27570 (2013). 
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RNase H1 involvement in DNA replication in Arabidopsis thaliana 

Jan Kuciński1, Paweł Kustosz2, Marcin Nowotny2, Andrzej T. Wierzbicki1*  

1University of Michigan, Department of Molecular, Cellular, and Developmental 
Biology, Ann Arbor, MI 48109, USA 
2International Institute of Molecular and Cell Biology, Warsaw, Poland 

 

RNase H1 proteins are present in a vast majority of living organisms. They digest the 
RNA component of RNA/DNA hybrids and have been implicated in a number of 
processes, including transcription, replication and DNA repair. However the specific 
substrates and biological functions of these enzymes remains mysterious in most 
eukaryotes, including plants. 

The genome of a model plant species Arabidopsis thaliana contains three genes 
encoding RNase H1-like proteins. We show that at least one of them digests 
RNA:DNA hybrids in vitro and therefore is a bona fide RNase H1. Our preliminary 
data suggest organelle-specific functions of the three proteins and implicate them in 
DNA replication. We also show that the presence of at least one of those three genes 
is necessary for Arabidopsis embryo development. Based on these data we propose 
that RNase H1 proteins in Arabidopsis are involved in DNA replication of nuclear, 
mitochondrial and chloroplast genomes. We plan to rigorously test this hypothesis 
and gain further mechanistic insights into this and other possible roles of RNase H1 
proteins. 
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Functional analysis of the TFIIF-like C37 subunit of RNA polymerase III 

 
Chih-Syuan Liu and Hung-Ta Chen* 
 
Institute of Molecular Biology, Academia Sinica, Taipei 11529, Taiwan, R.O.C. 
 
     In eukaryotes, RNA polymerase III (pol III) transcribes precursor tRNAs and 5S 
rRNA. The Rpc37/53 subcomplex, TFIIF-like heterodimer, of pol III functions in 
promoter opening, elongation, termination and re-initiation. Our previous 
site-specific photo-cross-linking analysis indicates that the C-terminal domain of 
Rpc37 interacts with the TFIIE-like Rpc34 subunit in the pol III active center. To 
conduct structural and functional analyses, I cloned the genes encoding an array of 
amino acid fragments from Rpc37 and Rpc34, and the recombinant protein 
fragments were purified by chromatography. I applied co-immune precipitation and 
structural analyses to provide structural models of Rpc37 C-terminal domain and its 
complexes with Rpc34. In addition, I conducted site-specific mutagenesis study to 
further analyze growth and functional phenotypes of Rpc37. The combined genetic, 
biochemical and structural analyses will provide us insights into how Rpc37 
C-terminal domain functions in multiple steps of pol III transcription.  
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UBF establishes active chromatin on the mouse ribosomal RNA genes. 
Jean-Clément Mars, Chelsea Herdman, Marianne Sabourin-Felix, Victor Stefanovsky, Michel 
Tremblay, and Tom Moss*. 
Laboratory of Growth and Development, St-Patrick Research Group in Basic Oncology, 
Cancer Division of the Quebec University Hospital Research Centre. Department of Molecular 
Biology, Medical Biochemistry and Pathology, Faculty of Medicine, Laval University, Edifice St 
Patrick, 9 rue McMahon, Québec, QC, G1R 3S3, Canada. 
 
The eukaryotic ribosome is a 4-MDa complex assembled in the nucleolus, the largest 
subnuclear organelle, from four ribosomal RNAs (rRNAs) and ~82 ribosomal proteins. But, 
several hundred other proteins and hundreds of small RNAs are also needed to assemble the 
ribosome. In growing cells, the rRNA synthesis accounts for 35% to 60% of all gene 
transcription. Since the manufacture of ribosomes is energetically demanding, it is closely 
linked to cell growth, and is regulated during cell transformation and differentiation. 
 
Transcription of the rRNA genes (rDNA) is performed by a basal transcription machinery that is 
dedicated to this task, including RNA polymerase I (RPI/PolI), and the pre-initiation complex 
factors UBF, TIF-IA (TIF1A/Rrn3), TIF-IB (SL-I), and the transcription termination factor TTF-I 
(TTF1). UBF binds to sites throughout the transcribed region of rDNA, colocalizing there with 
RPI, but it also binds to upstream regulatory elements, suggesting that it forms a specialized 
rDNA chromatin. 
 
Using our mouse conditional knockout cell lines for UBF and TIF1A and high resolution ChIP-
Seq analyses, we have now investigated more deeply the rDNA chromatin defined by UBF 
recruitment, how it is established and what role the spacer promoter might play as regulatory 
element. Using a novel approach to correct for sequence coverage bias, our data reveals a 
continuous UBF-chromatin between the “spacer promoter” and the 47S pre-rRNA termination 
site that is bounded by a number of chromatin marks and is required for pre-initiation complex 
and RPI recruitment. The data further show that UBF and pre-initiation complex recruitment 
are independent of RPI transcription. We also find that the spacer promoter is occupied by the 
pre-initiation complex factors and by an RPI transcription complex arrested very early in 
elongation. 
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Wnt5a signals through Dvl1 to repress rDNA transcription by RNA polymerase I 
1,2Randall A. Dass, 3,4Aishe A. Sarshad, 5Brittany B. Carson, 5Jennifer M. 
Feenstra, 1Amanpreet Kaur, 3,4Ales Obrdlik, 1Damon K. Love, 6Kristian Pietras, 7Rosa 
Serra, 2,8Scott C. Blanchard, 3,4Piergiorgio Percipalle*, 1Anthony M. C. Brown*, 1,2,5C. 
Theresa Vincent* 
 
1Department of Cell and Developmental Biology, Weill Cornell Medical College, New York, NY 10065, 
USA; 
2Department of Physiology and Biophysics, Weill Cornell Medical College, New York, 
NY 10065, USA; 
3Department of Cell and Molecular Biology, Karolinska Institute, Stockholm, Sweden; 
4Biology Program, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates 
5Department of Pharmacology and Physiology, Karolinska Institute, 171 77 Stockholm, Sweden 
6Department of Laboratory Medicine, Center for Molecular Pathology, Lund University, Lund, Sweden. 
7Department of Cell, Developmental, and Integrative Biology, University of Alabama at 
Birmingham, Birmingham, AL 35294, USA 
8Tri-Institutional PhD program in Chemical Biology, Weill Cornell Medical College, New York, NY 10065, 
USA 
 

Synthesis of the translation machinery, including the mega-Dalton, RNA-protein 
ribosome complex, plays an important role in cellular growth and proliferation. It is 
therefore not surprising that ribosomal biogenesis is regulated very closely at multiple 
levels. In healthy cells, the process through which ribosomes are made entails the 
coordination of many signaling pathways. In cancer cells, these mechanisms are 
compromised. Oncogenes and tumor suppressors play an important role as they alter 
RNA polymerase I transcription and the coupled assembly of ribosomal subunits. 

In breast cancer, Wnt5a signaling has been reported to antagonize tumor growth. 
In the present study we investigated whether this specific tumor suppressive function of 
Wnt5a is exerted through a direct action on RNA polymerase I (Pol I) transcription. We 
discovered that, indeed, Wnt5a expression leads to a rapid repression of rDNA 
transcription and to a chromatin state that is not compatible with transcription. These 
effects were specifically dependent on Dishevelled1 (Dvl1), a down-stream effector of 
Wnt5a. We discovered that Dvl1 accumulates in nucleolar organizer regions (NORs) 
and binds to the rDNA. Results from chromatin immunoprecipitation assays performed 
on cells subjected to Wnt5a showed that upon Dvl1 binding, the Pol I transcription 
activator and deacetylase Sirtuin 7 (SIRT7) is released from the rDNA. This happens 
concomitantly with disassembly of the Pol I transcription machinery at the rRNA gene 
promoter. Altogether, these findings reveal that Wnt5a signals through Dvl1 to suppress 
rDNA transcription. We propose that this is a novel mechanism for how Wnt5a exerts 
tumor suppressive effects and explains why disruption of Wnt5a signaling enhances 
mammary tumor growth in vivo. 
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Purification, functional analysis of initiation-active RNA polymerase I (Pol I)-
Rrn3 complex and Rrn3-free Pol I and determination of their structures at 7.5 Å 

Michael Pilsl, Corinne Crucifix&, Gabor Papai&, Ferdinand Krupp&, Simon Obermeyer, 
Philipp Milkereit, Joachim Griesenbeck, Patrick Schultz# and Herbert Tschochner* 

Universität Regensburg, Biochemie-Zentrum Regensburg (BZR), Lehrstuhl 
Biochemie III, 93053 Regensburg, Germany 
&IGBMC - UMR7104 Integrated Structural Biology, Illkirch, France  

RNA polymerase I (Pol I) from S. cerevisiae synthesizes the 35S ribosomal RNA 
(rRNA), a polycistronic precursor, which is processed to the mature 18S, 5,8S and 
25S rRNAs. The transcription initiation factor CF (Core Factor) together with Pol I and 
the Pol I-bound initiation factor Rrn3 initiates in vitro transcription at the Pol I 
promoter at a basal level. We developed reconstituted in vitro transcription systems 
from highly purified factors which we used to analyze transcription initiation and 
elongation. Promoter-dependent transcription could be achieved by adding 
recombinant CF either to highly purified Pol I/Rrn3 complex from yeast extracts or to 
purified Pol I and recombinant Rrn3. Our in vitro systems allowed us to compare Pol I 
embedded in the stable Pol I-Rrn3 complex with Rrn3-free Pol I and Pol I mutants 
lacking non-essential Pol I subunits in initiation, Pol I processivity and elongation 
speed. Furthermore, we used cryo-EM to compare the structure of the Pol I-Rrn3 
complex at 7.5 Å with Rrn3-free monomeric Pol I as well as with dimeric Pol I. In 
comparison to the dimeric enzyme, whose structure was recently solved by X-ray 
crystallography we observed distinct structural changes in the Pol I moiety of the Pol 
I-Rrn3 complex and monomeric Pol I which probably convert the enzyme in an 
initiation-active form. We discuss functional and structural requirements for Pol I to 
initiate transcription considering the specific role of Rrn3. 

 

 

POSTER ABSTRACTS

68



Characterising RNA polymerase I and II transcribed long non-coding RNAs from 
the rDNA intergenic spacer.  
 
 
Stefanie Böhm, Jaclyn Quin, Judith Domingo Prim, Anna Vintermist, Antoni Ganez 
Zapater, Neus Visa, and Ann-Kristin Östlund Farrants*.  
 
 
Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm 
University, Stockholm, Sweden 
 
 
The rDNA form the structural basis of the nucleoli, which have long been recognized 
as the site of ribosome biogenesis, but more recently have have been attributed 
additional functions including the regulation of p53 and other stress response and cell 
cycle regulatory pathways, the biogenesis of RNAs and ribonucleoproteins, and the 
organization of nuclear architecture. Long non-coding RNAs (lncRNAs) transcribed 
from rDNA intergenic spacer (IGS) regions have previously been reported, and it 
appears they may be involved in diverse nucleolar functions, for example the 
recruitment of transcriptional regulatory complexes to the rRNA gene promoter [1,2], 
or immobilization of proteins in the nucleoli in response to stress stimuli [3,4]. 
Therefore, in order to identify novel functions of lncRNA at the rDNA loci, we have 
investigated the presence of active histone marks and transcription across the length 
of the human IGS. We have identified three novel lncRNAs transcribed from the IGS, 
each with unique characteristics. IGS19asRNA is an approximately 500b RNA 
transcribed 19kb from the rRNA TSS in the antisense direction; it is transcribed by 
RNA Pol II, induced upon heat shock, and localized in a speckled pattern throughout 
the nucleus. IGS32asRNA is an approximately 800b RNA transcribed 32kb from the 
rRNA TSS in the antisense direction; it is transcribed by RNA Pol I, regulated in a 
MYC-dependent manner, induced upon glucose re-feeding, and remains associated 
with rDNA chromatin. IGS38RNA is an approximately 1300b RNA transcribed 38kb 
from the rRNA TSS in the sense direction; it is transcribed by RNA Pol II, and exists 
in different forms between the cytoplasm and nucleus. We will present the results of 
our ongoing studies addressing how these novel lncRNAs may mediate nucleolar 
functions.  
 
 
1. Mayer et al. Mol Cell, 2006. 22(3): p. 351-61 
2. Zentner et al. Nucleic Acids Res, 2011. 39(12): p.49-60 
3. Audas et al. Mol Cell, 2012. 45(2): p. 147-157 
4. Bierhoff et al. Mol Biol Cell, 2013. 24(18): p. 2943-53 
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Nucleosome) positioning) by) long) noncoding) RNA) via) Switch/Sucrose) Non;Fermenting)
(SWI/SNF))chromatin)remodeling)complex.)

Hafiz&M.&Rothi1,&Jakub&Dolata2,&and&Andrzej&T.&Wierzbicki*1&

1Department&of&Molecular,&Cellular,&and&Developmental&Biology,&University&of&Michigan,&Ann&
Arbor,&MI&48109,&USA&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
2Department&of&Gene&Expression,&Institute&of&Molecular&Biology&and&Biotechnology,&Adam&
Mickiewicz&University&Poznan,&Poland&

In&Arabidopsis*thaliana,&noncoding&RNAs&(ncRNAs)&are&produced&in&the&RNAWdirected&DNA&
methylation&(RdDM)&pathway&to&target&transposons&for&silencing.&RdDM&involves&two&sequential&
processes,&biogenesis&of&24&nucleotide&short&interfering&RNA&(siRNA)&and&de*novo&DNA&
methylation.&In&the&latter,&RNA&polymerase&V&(Pol&V)&produces&long&noncoding&RNAs&(lncRNA)&
which&have&been&suggested&to&function&as&scaffolds&at&specific&loci,&for&binding&proteins&which&&
establish&chromatin&modifications.&&

An&important&component&in&RdDM&are&putative&chromatin&remodelers,&such&as&drd1,&which&
facilitates&transcription&by&Pol&V.&Previously,&we&had&identified&&the&SWI/SNF&chromatin&
remodeling&complex&to&possibly&function&downstream&of&Pol&V&transcription.&This&was&shown&
through&a&protein&interaction&between&IDN2,&a&lncRNA&binding&protein,&&and&SWI3B,&a&
component&of&the&SWI/SNF&complex.&The&exact&role&of&the&SWI/SNF&complex&in&RdDM,&
however,&is&still&unknown.&

Here,&we&show&our&ongoing&work&towards&understanding&how&RdDM&and&the&SWI/SNF&work&
together&to&affect&nucleosome&positioning&using&MNaseWbased&genomeWwide&assays&in&specific&
mutants.&We&used&MNaseWSeq&to&identify&specifically&positioned&nucleosomes&in&ColW0&wild&type,&
nrpe1,*swi3b,*and&brm!mutants.&This&allows&us&to&identify&differences&in&nucleosome&positioning&
between&mutants&and&wild&type.&Our&preliminary&results&suggests&that&RdDM&affects&
nucleosome&positioning&by&a&combination&of&SWI/SNFWdependent&and&SWI/SNFWindependent&
mechanisms.&

!
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Genome-wide identification of Pol V transcripts 

Shriya Sethuraman1, Gudrun Böhmdorfer2, M. Jordan Rowley2, Michał Krzysztoń, Lilia 
Bouzit2, and Andrzej T. Wierzbicki *,1,2 

1University of Michigan, Department of Computational Medicine and Bioinformatics, Ann 
Arbor, MI 48109, USA 
2University of Michigan, Department of Molecular, Cellular, and Developmental Biology, 
Ann Arbor, MI 48109, USA  

Long non-coding RNAs (lncRNAs) are non-protein coding transcripts which are known to 
be involved in the regulation of gene expression by directing repressive chromatin 
modifications to specific regions in the genome. They work in a process known as RNA-
directed DNA Methylation (RdDM). RdDM involves two specialized RNA Polymerases: 
Pol IV and Pol V, of which Pol V transcripts are believed to serve as scaffolds that provide 
binding sites for siRNA-directed silencing complexes. It has been shown that Pol V and 
its transcripts interact with multiple RNA-binding proteins like AGO4 and IDN2. Here, we 
performed genome-wide identification of Pol V transcripts to better understand the role of 
Pol V transcripts in gene silencing. 

We first developed a strategy to identify Pol V transcripts using RIP-seq data with the 
nrpe1 mutant serving as a negative control. We then used the comprehensive list of Pol 
V transcripts to learn more about the mechanisms of RdDM. We observed that Pol V 
closely interacts with the downstream RdDM component, AGO4, thereby strictly limiting 
de novo DNA methylation to regions transcribed by Pol V. We also show that Pol V 
transcripts are mostly associated with AGO4 as they exit the polymerase but their 
accumulation is not affected in the ago4 mutant. We further observed lack of correlation 
in strand preference between Pol V transcription, siRNA and CHH methylation levels 
along the transcribed regions, which additionally supports the possibility that siRNA base 
pairs with RNA. 
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Abstract: In-vitro assays indicate differences between Pol IV and V during the initiation and elongation 

phase of transcription  

Jasleen Singh1 and Craig S. Pikaard* 1, 2 

1Department of Biology, Indiana University, Bloomington, IN 47405, USA  

2Howard Hughes Medical Institute, Indiana University, Bloomington, IN 47405, USA 

RNA polymerases (Pols) IV and V are Pol II-like enzymes that mediate small RNA dependent DNA 
methylation (RdDM) and transcriptional gene silencing (TGS) of transposons and repeated sequences in 
plants.  During the process of RdDM, Pol IV transcripts generated at target loci are converted into small-
interfering RNAs (siRNAs) that associate with longer noncoding RNAs generated by Pol V, and a myriad 
of other factors,  leading to TGS at that locus. Although studied extensively using genetic approaches, 
very little is known about the biochemical activities of most of the proteins involved in the RdDM 
pathway, including Pols IV and V. Our lab recently showed that affinity purified Pols IV and V complexes 
have biochemical activity in-vitro, despite numerous amino acid substitutions at positions that are highly 
conserved in all other canonical RNA polymerases. Their activity is stimulated by the addition of an RNA 
primer to the in-vitro transcription assays. Here we report our efforts to further characterize the RNA 
primer and template requirements of Pols IV and V.  
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Structural basis of Pol I transcription  

Lucas Tafur, Yashar Sadian, Jan Kosinski, Rene Wetzel, Helga Grötsch & Christoph W. 

Müller* 

European Molecular Biology Laboratory (EMBL), Heidelberg, Germany 

Gene transcription in eukaryotes is carried out by three distinct RNA polymerases (Pol). 
Pol I transcribes ribosomal RNA and accounts for 60% of the total transcription activity in 
the cell. Recent molecular structures of RNA polymerase I and III along with previously 
determined RNA polymerase II structures, have provided a plethora of information about 
the molecular details that lead to DNA transcription and RNA synthesis. 

The crystal structure of apo Pol I showed that the DNA-binding cleft is occupied by an 
extended loop that overlaps with the proposed DNA binding site. In addition, TFIIF-like 
subunits, A49 and A34.5 are tightly anchored to the core enzyme and promote 
transcriptional processivity. However, the structure of elongating Pol I is still unknown. 
Currently, we are trying to reconstitute Pol I with a transcription bubble in vitro for further 
structural and functional characterization. Moreover, to fully understand transcription 
initiation, we have purified its basal transcription factors Rrn3, core factor (CF) and TBP. 
CF is the TFIIB paralogue in the Pol I system and is still structurally poorly characterized, 
while the function of Rrn3 is still elusive. Therefore, we have made efforts to reconstitute 
Pol I specific general transcription factors with Pol I for structural studies, which then will 
be compared with the pre-initiation complex (PIC) of RNA polymerase II. 

The molecular architecture of elongating Pol I and its PIC will constitute an important step 
towards our understanding of eukaryotic transcription, and the differences that have 
evolved between the different eukaryotic RNA reflecting their different transcription tasks.   
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Structural and functional analyses of the TFIIE-related C34 subunit of RNA 

polymerase III 

Yi-Yu Wei and Hung-Ta Chen 

Institute of Molecular Biology, Academia Sinica, Taipei 115, Taiwan.  
 

In eukaryotic cell, RNA polymerase (pol) III is a 17-subunit macromolecular 
complex. In addition to the structurally conserved 12-subunit core shared among all 
pols, pol III contains five additional subunits that form the C37/C53 and C82/C34/C31 
subcomplexes. The C82/C34/C31 subcomplex is mainly involved in transcription 
initiation. In particular, C34 functions both in Pol III recruitment, open promoter 
formation, and possibly post-initiation steps. C34 is composed of 316 amino acids 
predicted to contain three winged-helix (WH) domains, WH1, WH2, and WH3 and an 
acidic C-terminus. Previous studies provided several different pol III structural models 
with C34 structural modules localizing at various positions close to the polymerase 
active site cleft. On this basis, we hypothesize that C34 may provide mobile structural 
modules to regulate different transcription stages. To address this question, I purified 
pol III to reconstitute the transcription elongation complex (TEC) with a DNA:RNA 
scaffold to allow RNA extension with supplied NTPs. I first assayed a purified pol III 
mutant lacking the whole C82/C34/C31 subcomplex, and the pol III mutant severely 
compromised pol III transcription elongation. The RNA extension results additionally 
showed that the C34 WH2 mutants affected the pol III transcription rate in the time 
frame of less than ten seconds. Based on a series of C34 mutations, I conclude that 
WH1 domain of C34 is also functionally important both in cell growth and in vitro. In 
summary, all structural modules likely contribute to the initiation and elongation 
stages of pol III transcription.   
     To further define locations of C34 structural modules in the pol III pre-initiation 
complex (PIC), I applied site-specific photo-cross-linking analysis to further locate the 
domains. The PIC-specific cross-linking data indicated that the C34 N-terminal WH 
domains interact with C37, which form heterodimer with C53. The C-terminal 
truncation of C37 leads a read-through termination defect. The C34 and C37 
interaction imply that C34 might further functions in pol III termination. To address 
this question, I am currently analyzing the C34 mutant proteins in 
elongation-termination analysis. 
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