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The crux of my research goal over the years has been to understand exactly how RNA polymerase
Il (RNAPII) acquires selectivity for subsets of genes in a regulated manner. My strategy was to gain
a sound grasp of RNAPII-mediated transcription as the template complexity was progressively
increased. Efforts by my group through the years initiated with defining the basic prerequisites for
RNAPII transcription from a minimal, naked DNA template, and then proceeded to the functional
analysis of even more complex arrays of activities that together reconstitute chromatinized templates
that exhibit different extents of compaction and others that refurbish the templates into a state
amenable to transcription. This latest endeavor entails studies of the post- translational modifications
(PTMs) of histones and their potential epigenetic character, and this is the most invigorating stage
of my research career.

The field has markedly advanced our understanding of the regulation of histone PTMs and their
impact on gene expression as a function of development. As such, we are better positioned to tackle
aberrancies in histone PTMs and their associated enzymes, that are currently being categorized in
diseased states. | am very motivated by our latest findings that relate to Diffuse intrinsic pontine
gliomas (DIPGSs). In addition to finding elevated levels of a specific histone modification (H3K36me2)
in DIPGs, we discovered that two proteins known to target H3K36me2 function as novel histone
chaperones. We identified these factors based on their FACT-like activity in neutralizing the inherent
barrier posed by nucleosomes during RNA polymerase Il transcription. These novel chaperones
function within gene bodies that also harbor H3K36me2. The merging of these findings is both timely
and opportune for targeting DIPGs and perhaps analogous cancers, based on their epigenetic
signatures.

The epigenetic information contained within the disparate chromatin states is distinct from that of
the DNA sequence. Such information is determinant to differential gene expression during
development of multi-cellular organisms and to the integrity of adult tissue regeneration throughout
cell divisions. As we analyzed the molecular basis of epigenetic phenomena at the cellular level, we



sought a model system with which we could extend such analyses to a whole organism to
understand the dynamic programming of epigenetic modulations that accompany perceptible
phenotypic and behavioral changes. We chose two species of the social insect, ants. In an extensive
collaborative effort with experts in relevant fields and funded by the Howard Hughes Medical
Institute, we successfully tackled various, inherent technical challenges and made advances on
several fronts (Contribution #5, below). With this strong platform, we are now in position to expose
the epigenetic blueprint of these ant species with regard to behavioral, physiological and
developmental features. To this end, we propose genetic manipulations to be performed on ants,
followed by a thorough interrogation of these mutants at multiple levels as a function of their
exposure to substances.
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Honors and Awards:
1) Postdoctoral Fellowship from the Damon Runyon-Walter Winchell Cancer
Foundation (Award #701)
2) Junior Faculty Research Award from the American Cancer Society (JFRA-205)
3) Faculty Research Award from the American Cancer Society (FRA-62029)
4) Investigator of the Howard Hughes Medical Institute (1994)
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C: Contributions to Science

1. The process of mammalian RNA Polymerase Il (Polll) transcription in the context of the
general transcription factors (GTFs).

Understanding the process of eukaryotic transcription was fundamental to tackling the regulation of
mammalian gene expression. We demonstrated that unphosphorylated RNA Polymerase 11, PolllA,
and seven general transcription factors (GTFs) were required for accurate transcription initiation in
vitro using a fully reconstituted transcription system. Moreover, we found that the formation of a
transcriptionally competent initiation complex comprising PolllA could be attained in a stepwise
fashion involving the formation of stable subcomplexes. Analyses of such subcomplexes revealed



that the presence of the GTF, TFIIH, resulted in the critical transition of PolllA to phosphorylated
PolllO that engages in promoter escape. Several other GTFs (TFIIF, TFIIB and the TATA-bind
protein, TFIID) stimulate TFIIH kinase activity, as did the presence of specific DNA elements,
highlighting the importance of the integrity of the pre-initiation complex in this process. Using this
system, we further identified the functions of other important GTFs including TFIIB, TFIIF and TFIIS.
Together, these studies contributed to our comprehensive understanding of the process of
recruitment and initiation of RNA Polymerase Il at the promoter of mammalian genes.

Flores, O., Maldonado, E. and Reinberg, D. (1989). Factors involved in specific transcription by
mammalian RNA polymerase Il. Factors IIE and IIF independently interact with RNA
polymerase Il. J. Biol Chem, 264, 8913-21. PMID: 2566609.

Ha, I., Lane, W.S. and Reinberg, D. (1991). Cloning of a human gene encoding the general
transcription initiation factor 11B. Nature, 352, 689-95. PMID: 1876184.

Lu, H., Zawel, L., Fisher, L., Egly, J. and Reinberg. D. (1992). Human General Transcription Factor
IIH phosphorylates the C-terminal domain of RNA polymerase Il. Nature, 358, 641-645. PMID:
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2. Transcription Through Nucleosomes

While we, and others found that eukaryotic transcription required RNA polymerase Il (RNAPII)
along with several general transcription factors when using naked DNA template in vitro, such
transcription was unsuccessful in the case of the more biologically relevant template comprising
chromatinized DNA. Such nucleosomal templates required the addition of a transcriptional
activator whose access to the DNA required the action of nucleosome remodeling activities. Yet,
we demonstrated that while an activator in the presence of chromatin remodelers gave rise to
transcription initiation, RNAPII-mediated elongation was still compromised. Adapting our in-vitro
transcription system to utilize chromatinized templates, we discovered FACT (facilitates chromatin
transcription) that now enables RNAPII transcription to proceed through nucleosomal barriers.
These findings set the stage for understanding nucleosomal participation in the regulation of gene
expression, which has evolved into one of the major areas of interest in my laboratory.

Orphanides, G., LeRoy, G., Chang, CH, Luse, DS and Reinberg, D. (1998). FACT, a factor that
facilitates transcript elongation through nucleosomes. Cell, 92, 105-16. PMID: 9489704.
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transcription of chromatin templates in vitro. Science, 282, 1900-4. PMID: 9836642.

Orphanides, G, Wu, WH., Lane, WS, Hampsey, M. and Reinberg, D., (1999). The chromatin-
specifitranscription elongation factor FACT comprises human SPT16 and SSRP1 proteins,
Nature, 400, 284-8. PMID: 10421373.

Loyola, A., Huang, J.Y., LeRoy, G., Hu S., Wang, Y.H., Donnelly, R.J., Lane W.S., Lee S.C. and
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Mol Cell Biol, 19, 6759-68. PMID: 12972596.
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3. Recruiting and regulation of PRC2 that catalyzes an epigenetic histone modification

The key feature of the Polycomb group of proteins that includes those comprising Polycomb
Repressive Complex 2 (PRC2) is that they maintain transcriptional repression that is first established
by master regulators during development. This maintenance role is an important consideration when
addressing the recruitment to chromatin and the functioning of PRC2 whose EZH2 subunit catalyzes
di- and tri-methylation of histone H3 (H3K27me2/3). EZH2 interacts with noncoding RNA that may
bear on PRC2 recruitment, however such interaction involves a vast number of RNAs, confounding
its relevance. We identified RNAs interacting with EZH2 (ezRNAs) in embryonic stem cells (ESC),



using an unbiased approach. Surprisingly, the vast majority of ezRNAs constituted unprocessed
MRNAs that exhibited EZH2 contact at their 5’-ends. Yet, these transcribing genes were devoid of
H3K27me2/3. Our subsequent findings in vivo demonstrated that PRC2 interaction with nascent
RNA inhibits its catalytic activity and that such inhibition is relieved when the transcripts are shutoff
such that PRC2 catalysis of H3K27me3 now maintains repression. Yet, the recruitment of PRC2
appears to be multifaceted. In addition to the potential role of noncoding RNAs, signal transduction
pathways also impact PRC2 recruitment. We found that activated Erk binds to the promoter regions
of master regulatory genes in ESC, directly promoting the formation of novel chromatin features
associated with pluripotency, including PRC2 recruitment. The promoters of developmentally
regulated genes in ESC feature asymmetric nucleosomes containing the PRC2-mediated repressive
mark, H3K27me3, and an active mark, H3K4me3, keeping the genes in a poised state. Our findings
clarified that nucleosomes can be modified symmetrically or asymmetrically, with each
corresponding sister histone carrying either the same or distinct maodifications, respectively. Indeed,
we demonstrated that H3K27me3 and H3K4me3 do not coexist within the same histone tail and that
PRC2-mediated catalysis of H3K27me2/3 is inhibited by the presence of H3K4me3 in cis.

Margueron, R., Justin N., Ohno, K., Sharpe, M.L., Son, J., Drury, W.J 3rd, Voigt, P., Martin, S.R.,
Taylor, W.R., De Marco, V., Pirrotta, V., Reinberg, D. and Gamblin, S.J., (2009). Role of the
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PMID: 29681499.
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4. Characterization of PRC1 with inroads to disease

Similar to the case of PRC2, mammalian PRC1 comprise a subset of Polycomb group proteins that
maintain transcriptional repression programs. Yet, the nearly intractable variety of homologous
versions of each Drosophila component of PRC1 hampered PRCL1 investigations. Our proteomic
analyses revealed the intricacy of mammalian PRC1 complexes that form minimally, six major and
distinct families all of which contain RING1B/A that catalyzes monoubiquitination of histone H2A
(H2K119ub1l), associated with repressed chromatin. Characterizing the distinct composition of each
family laid the groundwork for understanding PRC1 recruitment and functioning, and also revealed
the presence of novel, non-PcG constituents including AUTS2. AUTS2 is often disrupted in patients
with neuronal disorders, yet the mechanism underlying such pathogenesis is unclear. Surprisingly,
our findings revealed that contrary to the well-established role of PRC1 in repression, AUTS2-PRC1
activates gene expression and we uncovered the mechanistic basis of this phenomenon. Our
findings also pointed to the role of AUTS2 in positively regulating the central nervous system (CNS)
transcriptional program. Conditional targeting of AUTS2 in the mouse CNS led to various
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developmental defects. These findings set the stage for future investigations into how AUTS2
malfunction contributes to neuronal disorders.

Gao Z., Zhang J., Bonasio R., Strino F., Sawai A., Parisi F., Kluger Y. and Reinberg D. (2012).
PCGF Homologs, CBX Proteins, and RYBP Define Functionally Distinct PRC1 Family
Complexes. Mol Cell, 45, 344-56. PMCID: PMC3293217.
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AUTS2 confers transcriptional activation to PRC1 in the CNS. Nature, 516, 349-54. PMCID:
PMC4323097.

5. Exploring epigenetic (re)programming and biological outcomes in a social organism:
Ants

We sought a model system of a whole organism with which we could follow changes in epigenetic
determinants during natural processes and determine how these changes bring forth identifiable
alterations in the function of an individual and in the function of a society. We recognized that two
species of the social insect ants are potentially rich reservoirs of such information: Camponotus
floridanus and Harpegnathos saltator. Key to this initiative was that all castes in a colony arise from
a single genome. Camponotus exhibits rigid caste identity, whereas in Harpegnathos, ant workers
can turn into functional queens (gamergates) and such gamergates can also revert back to
workers when required. This distinction between species would allow us to investigate the
epigenetic underpinnings that give rise to caste specificity and those that accompany the
conversion from one caste to another, respectively. After successfully determining the sequence of
each genome, we then discovered the presence of methylation in both genomes, and importantly,
the possibility of DNA imprinting. We then derived the first genome-wide mapping of chromatin
structure in a eusocial insect and observed changes in histone modifications, notably H3K27
acetylation, in distinct castes in the case of Camponotus. Our most recent findings entail the
classification into three broad groups of the female-specific sensilla on the antenna of
Camponotus, based on their differential detection of cuticular hydrocarbons. This endeavor
involves one of the largest families of odorant receptors characterized thus far in insects. With the
foundation of these comprehensive analyses, we are now in a prime position to tackle another
stage of our investigation. Through genetic alterations, we propose to identify how the epigenetic
blueprint of ants confers identifiable phenotypes and functioning upon exposure to external stimuli.

Bonasio, R., Zhang, G., Ye, C., Mutti, NS., Fang, X., Qin, N., Donahue, G., Yang, P., Li, Q., Li, C.,
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caste-specific behavior in the ant Camponotus floridanus. Science, Janl;351(6268):aac6633.
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J., Reinberg, D. and Desplan, C. (2017). An Engineered orco Mutation Produces Aberrant
Social Behavior and Defective Neural Development in Ants. Cell, Aug10;170(4):736-747.
PMID: 28802043.
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Gene Expression in Mammalian Cells.
HHMI funding is provided to the investigator and does not support a particular project.

Simons Foundation (Reinberg) 07/01/15 - 06/31/18

Role of a novel PRCI complex in neurodevelopment and ASD neurobiology

The goal is to investigate the molecular mechanisms of a novel PRC1 complex that functions in the
regulation of gene expression programs in neurons. These studies support the mice nock-out or
AUTS2

Role: PI

NIH 5 RO1CA199652-14 (Reinberg) 08/01/15-07/31/20

Repression via Facultative Heterochromatin

The goal of this grant is to understand the mechanical aspects of repression of transcription.
Role: PI

NIH 3 RO1CA199652-14S1 (Reinberg) 08/01/16 - 7/31/20

Repression via Facultative Heterochromatin

The goal of this grant is to support Dr. Thelma Escobar under the Diversity Supplement
mechanism.

Role: PI

17-2 Making Headway Foundation (Reinberg)  05/01/17 - 04/30/19

Novel Targeting of an Epigenetic Signature in Diffuse Intrinsic Pontine Gliomas

The goal of the proposal is to conduct studies that could lead to the development of novel,
promising therapeutics for treating Diffuse Intrinsic Pontine Gliomas (DIPGs) based on our findings
of an aberrant epigenetic signature associated with DIPGs.
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Hyundai Hope on Wheels/ Hyundai Scholar Grant (Snuderl/Reinberg) 12/1/17 - 11/30/19

Novel epigenetic strategies to therapeutically target pediatric high- grade glioma

The goal of the project is to characterize how a specific histone modification signature (H3K36me2)
in Diffuse

Intrinsic Pontine Gliomas (DIPG) contributes to DIPS oncogenesis and identify whether other
intractable

pediatric tumors may be driven by similar mechanisms.

Role: Co-PI
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Understanding CTCF boundaries controlling Hox gene expression

The goal of the proposal is to clarify how the CTCF transcription factor insulates regulatory regions and
genes controlling chromatin structure at the Hox clusters to ensure Hox gene expression and thus, body
patterning. Role: MPI
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