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456 North 		Phone			Phone:   814-863-8252:   814-863-8252
Department of Biochemistry & Molecular 		FaxFax:  814-863-8594:  814-863-8594
The Pennsylvania State 			 Email	Email:  bfp2@psu.edu:  bfp2@psu.edu
University Park, PA 16802

Education
Cornell University, Ithaca NY	B.S.	1983	Biology
University of Wisconsin-Madison	Ph.D.	1987	Molecular Biology

Professional Employment
1987-1988 Postdoctoral Research Associate.  
Michael Cox, Dept. of Biochemistry, University of Wisconsin-Madison.
1988-1991 Postdoctoral Research Associate.  
		Robert Tjian, Dept. of Molecular & Cellular Biology, University of California-Berkeley.
1992-1998 Assistant Professor of Biochemistry & Molecular Biology.
		The Pennsylvania State University.
1998-2005	Associate Professor of Biochemistry & Molecular Biology.
		The Pennsylvania State University.
2005- present	Professor of Biochemistry & Molecular Biology.
		The Pennsylvania State University.

Secondary Titles
2004-present	Director – Center for Eukaryotic Gene Regulation
2007-present	Willaman Professor of Molecular Biology.
2008-2017	Editor, Molecular and Cellular Biology
2014-present	Evan Pugh Professor
2014-present	Fellow AAAS

Awards and Service
1988-91	Leukemia Society of America Postdoctoral Fellow
1992-95	Searle Scholar
1996-01	Leukemia & Lymphoma Society Scholar
1996		Daniel Tershak Faculty Teaching Award
1999-03	Member, American Cancer Society Peer Review Committee on Genetic Mechanisms
2001-03	Member, Peer Review Panel – Florida Department of Health
2002-present	Member (ad hoc), NIH CDF-2, CDF-1, SEP, GCAT, MGB Study Sections
2001-05	Senator, Penn State Faculty Senate
2004-06	Chair - Penn State University Genomics Futures Committee
2006		Penn State University Faculty Scholars Medal
2006-2007	Chair – Eberly College of Science Committee – Dept Head search
2010		Designed the Center for Eukaryotic Gene Regulation, Penn State University 
Completed Thesis Supervised 
17  BS - Honors		2  MS
18  PhD			10  Postdoc

Classroom Teaching (Enrollment - Limit/Actual/Dept. averages for student ratings of effectiveness)
1992-2000	BMMB 514 – Molecular Biology and Cellular Regulation (>40 - 7.0/6.2/5.3)	
2003-2007	BMB 251 – Molecular and Cellular Biology I  (>200 – 7.0/5.2/5.3)
2003-2008	BMB 252 – Molecular and Cellular Biology II  (>100 – 7.0/5.8/4.7)
2011-2014	BMB 252H – Molecular and Cellular Biology II honors (11 – 7.0/5.0/4.7)
2015-2017	BMB 543 – Gene Regulation (14-7/10/5.86)
2015-2017	BMB 488 – Communities of Practice in BMB Model System Cell Biology (4-2/2/5.86)
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Historical Funding 
	Years
	Direct ($)
	Agency
	Project

	1989-1992
	71,000 
	Leuk. Lymph Soc. 
	Eukaryotic Transcription Initiation

	1991-2007
1992-1997
	2,000,000
158,000 
	Penn State Univ.
Searle Foundation
	Various Projects
Human Transcription Factor TFIID Complex

	1992-1997
	697,000
	Natl. Inst. Health 
	Biochemistry of Eukaryotic Gene Regulation

	1998-2000
	383,000 
	Am. Cancer Soc. 
	TBP Associated Factors

	1996-2001
	200,000 
	Leuk. Lymph Soc. 
	Dimerization of the TATA Binding Protein

	1999-2001
	151,000 
	Natl. Sci. Found. 
	Regulation of TATA Binding Protein Dimers

	2004-2007
	366,000 
	Natl. Sci. Found.  
	Computational Modeling of Transcriptional Regulation

	2007-2018
	1,973,000
	Natl. Inst. Health 
	Mapping of Functional Elements in the Yeast Genome

	2007-2019
	2,100,000
	Natl. Inst. Health 
	Genome Regulation in Response to Environmental Stress

	2007-2023
2000-2021
	1,437,000
3,536,000
	Natl. Inst. Health
Natl. Inst. Health
	Mapping of Functional Elements in the Yeast Genome
Genome-wide regulation of the TATA Binding Protein 

	2018-2021
	840,000
	Natl. Inst. Health
	Genome-wide structural organization within human gene regulatory complexes



Research Highlights (Past)
1987	Deciphered biochemical mechanisms of homologous recombination (graduate student)
1991	Discovered transcriptional co-activators	(postdoc)
1992	Identified subunits of TFIIIB as TBP and TAFs (assistant professor)
1996	Discovered autoregulation of TFIID through dimerization (assistant professor)
2004	Identified genome regulation as TATA/SAGA/stress and TATA-less/TFIID/housekeeping (assoc. professor)
2007	Developed first ChIP-seq assay (associate professor)
2008	First high-resolution genome-wide map of Drosophila nucleosome organization (professor)
2011	Mapped binding locations of >200 transcription factors across the yeast genome (professor)
2011	First genome-wide biochemical reconstitution of chromosome nucleosome organization (professor)
2011	Invented the ChIP-exo assay (professor)
2012	Defined genomic structure of transcription machinery and chromatin remodelers at single bp resolution.
2014	Identified alternative nucleosome structures and asymmetry in composition on a genomic scale.
2015	Define nucleosome-specific chromatin remodeler organization on a genomic scale in mouse ES cells
2016	Reconstituted nucleosome organization on a genomic scale with purified histones and remodelers.

Research Goals
Our goal is to understand how all nuclear proteins work together to regulate genomes, and apply this knowledge towards better diagnosis and management of human diseases. We use the well-known budding yeast as both a technological and conceptual model.  To date, we have defined the positional organization along the genome of nearly all mappable nuclear proteins (>300) at near single-bp resolution using the ChIP-exo assay that we developed. This provides an understanding of the structural organization of protein complexes along the genome in vivo. Assembly dynamics are next monitored through rapid reprogramming of the genome (e.g., 5 min. of acute heat shock).  Function is then assessed through CRISPR/Cas9-engineered depletion of factors, and through biochemical reconstitution of protein/DNA complexes on a genomic scale.  Parallel strategies are being conducted in model human cell lines and clinical samples. We intend to identify the mappable protein/DNA interactions that correlate best with disease states and their treatment outcomes so as to develop improved medical diagnostics. 
	
Commercial activity
2012	Founded Peconic, LLC – a service-based epigenome mapping company.
2013	Rhee, H. S. and Pugh, B. F., Methods, Systems and Kits for Detecting Protein-Nucleic Acid Interactions.  U.S. Patent No. 8,367,334 to Penn State.  Licensed to Active Motif in 2011.
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7.  Pugh, B.F., and Cox, M. M. (1988). High salt activation of recA protein ATPase in the absence of DNA. J. Biol. Chem. 263, 76-83.
8.  Pugh, B.F., Schutte, B. C., and Cox, M. M. (1989). Extent of duplex DNA underwinding induced by RecA protein binding in the presence of ATP. J. Mol. Biol. 205, 487-92.
9.  Hoey, T., Dynlacht, B. D., Peterson, M. G., Pugh, B.F., and Tjian, R. (1990). Isolation and characterization of the Drosophila gene encoding the TATA box binding protein, TFIID. Cell 61, 1179-86.
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74. Ioshikhes, I.P. Hosid, S. and Pugh, B.F. (2011) A variety of genomic patterns for nucleosome positioning. Genome Res. 21, 1863-1871. PMID: 21750105. 
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Significance of selected publications  - 
11.  Pugh, B.F., and Tjian, R. (1990). Mechanism of transcriptional activation by Sp1: evidence for coactivators. Cell 61, 1187-97. This paper reports the initial discovery of a class of human proteins, termed “coactivators”, that connect transcriptional activators to the transcription machinery, thereby biochemically-defining gene regulatory circuit.
23.  Taggart, A. K., and Pugh, B.F. (1996). Dimerization of TFIID when not bound to DNA. Science 272, 1331-3. TFIID promotes gene transcription by assembling the transcription machinery via stable interactions with promoters. This paper describes the a mechanism by which human TFIID auto-regulates its own assembly, and suggesgts a novel mechanism by which genes are kept quiescent.
38.  Basehoar, A. D., Zanton, S. J., and Pugh, B.F. (2004). Identification and distinct regulation of yeast TATA box-containing genes. Cell 116, 699-709.  The TATA box DNA element resides at the core of eukaryotic gene regulation, but it was unknown which genes contained a TATA box.  This paper describes the first assignment of TATA boxes to genes on a genomic scale. This identification also precipitated the discovery of a deep dichotomy in the regulatory mechanism of eukaryotic genes. It defined stress-induced genes as having a distinct core transcription initiation complex and distinct mechanism of regulation compared to “housekeeping” genes. This discovery allowed scientists to infer how any gene of interest was likely to be regulated.
48.  Albert, I., Mavrich, T. N., Tomsho, L. P, Qi, J., Zanton, S. J., Schuster, S. C., and Pugh, B.F. (2007) Translational and rotational settings of H2A.Z nucleosomes across the S. cerevisiae genome. Nature 446, 572-576.  Whether the nucleosomes that package eukaryotic chromosomes are randomly distributed across a genome or organized into specific patterns was unknown.  This paper reports the first-ever ChIP-seq experiment, a technology that now dominates the field of functional genomics. Equally important, it demonstrated that every eukaryotic gene is packaged into an array of nucleosomes, all essentially organized in the same way (except for the TATA-class). 
54.  Mavrich, T.N., Jiang, C., Ioshikhes, I.P., Li, X., Venters, B.J., Zanton, S.J., Tomsho, L.P., Qi, J., Glaser, R., Schuster, S.C., Gilmour, D.S., Albert, I., and Pugh, B.F. (2008). Nucleosome organization in the Drosophila genome. Nature. 453, 358-362.  It was not known whether higher eukaryotes packaged their chromosomes as in yeast.  This paper describes the first genome-wide map of individual nucleosome positions in flies. It also revealed the organization of the transcription machinery and DNA regulatory elements around nucleosomes on a genomic scale.
71. Zhang, Z., Wippo, C.J., Wal, M. Ward, E., Korber, P., Pugh, B.F. (2011) A Packing Mechanism for Nucleosome Organization Reconstituted Across a Eukaryotic Genome. Science. 332, 977-980. How nucleosomes become organized on genes was unclear.  This manuscript reports the astonishing feat of biochemical reconstitution of proper nucleosome organization on a genomic scale using pure DNA, pure histones, ATP and a cell-free extract. It revealed the chromatin remodelers are responsible for organizing nucleosomes on a genomic scale. This opens the door to creating synthetic chromosomes that can be studied in vitro as enzymological substrates (see pub. 100). 
75. Rhee, H-S., and Pugh, B.F. (2011) Comprehensive genome-wide protein-DNA interactions detected at single nucleotide resolution. Cell. 147, 1408-19. Technologies for determining where proteins bind along a genome had been rather low resolution, thereby limiting our understanding of chromosome regulation. This paper reports the development of the ChIP-exo assay. Its single-nucleotide resolution allows the structural organization of protein-DNA interactions to be defined on a genome scale.
76. Rhee, H-S., and Pugh, B.F. (2012) Genome-wide structure and organization of eukaryotic pre-initiation complexes. Nature. 483, 295-301. Here, the ChIP-exo assay was applied to define the first structure of transcription pre-initation complexes located at core promoters across a genome. 
81. Yen, K., Vinayachandran, V., Batta, K., Koerber, R.T., and Pugh, B.F. (2012). Genome­wide nucleosome specificity and directionality of chromatin remodelers. Cell. 149, 1461-1473. How chromatin remodelers organize nucleosomes on chromosomes was unknown. High-resolution mapping was used to show that remodelers use a “division-of-labor” approach to bind specific nucleosome positions on genes and slide them into an organized state.
89. Rhee, H-S., Bataille, A. R., Zhang, L., and Pugh, B.F. (2014) Subnucleosomal Structures and Nucleosome Asymmetry Across a Genome. Cell 159, 1377-1388. This work reports on the widespread subnucleosomal structures in dynamic chromatin, including novel half-nucleosomes, regulated interactions of H3 tails with linker DNA and asymmetric placement of histone variants and modifications on nucleosomes in relation to the direction of transcription.
100. Krietenstein, N., Wal, M., Watanabe, S., Park, B., Peterson, C.L., Pugh*, B.F., and Korber*, P. (2016). Genomic nucleosome organization reconstituted with pure proteins. Cell 167, 709-721. *co-corresponding author. This work was performed equally between the two labs, and reports on the genome-wide reconstitution of promoter nucleosome organization with purified proteins. This represents the first-ever biochemical reconstitution of an entire epigenome (chromatin on a genomic scale) using only pure components: histones, DNA, six remodelers, and two sequence-specific DNA binding proteins. From this, a four-stage genome-wide assembly mechanism was deduced, that now paves the way for detailed mechanistic understanding of chromatin regulation through a blend of redundancy and specialization.
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