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A.	Personal Statement
For the past 15 years my laboratory has studied a broad range of problems all focused on how metazoan cells respond to DNA damage.  We utilize two primary experimental systems:  Xenopus egg extracts, to address biochemical mechanism, and C. elegans, for genetic, reverse-genetic, and cytological analysis.  The DNA damage response is at the center of cancer biology, both in terms of how tumors arise (loss or alteration of the damage response), and how tumors are treated (with DNA-damaging drugs).  We are focused on defining general principles and basic biochemical mechanisms for how cells respond to DNA damage.  The long-term goal of our research is to use model organisms to build a map of how cells respond to DNA damage, and to then use this map to test its implications in human cells.  
B.	Positions and Honors
Positions:
1989-1996		Graduate Student, University of Pennsylvania School of Medicine (with Dr. Gideon Dreyfuss)
1997-2000	Postdoctoral Fellow, Department of Biology, University of California, San Diego (with Dr. John Newport)
2000-2004		Assistant Professor, Department of Molecular and Cellular Biology, Harvard University
2004-2010		Associate Professor, Department of Molecular and Cellular Biology, Harvard University
2010 -	Associate Professor (with tenure), Department of Biological Sciences, Molecular and Computational Biology Section, University of Southern California
Honors:
1997-2000		Daymon Runyon – Walter Winchell Postdoctoral Fellowship
2001-2004		Searle Scholar Award
2002-2007		National Science Foundation CAREER Award
2003-2007		American Cancer Society Research Scholar Award


C.	Contribution to Science
1:  Biochemical mechanism for activation of the ATR kinase-based replication checkpoint
In the late 1980s, the concept of cell cycle checkpoint control was introduced by Hartwell and colleagues.  Hartwell showed that DNA damage would arrest the budding yeast cell cycle and that this was an active process.  The implications of this discovery to cancer biology were obvious, and thus when I was choosing my postdoc lab in the mid-90’s I decided to train with John Newport, an expert in using Xenopus egg extracts to uncover biochemical mechanisms for cell cycle control and DNA replication.  For the past 20 years I have used this system to reveal how stalled replication forks activate the critical checkpoint kinase, ATR.  An important early discovery was the finding that primer synthesis by DNA polymerase alpha was a key event in checkpoint activation (a).  When I set up my own laboratory in 2000, I decided to focus on TopBP1.  At that time, TopBP1 was a little known protein that was discovered via a two-hybrid screen using topoisomerase II as bait.  I recognized that TopBP1 was similar in sequence to two yeast proteins, Dpb11 and Cut5, and limited genetic evidence at the time had linked these proteins to checkpoint control.  I decided to explore the biochemical mechanism for TopBP1 function using the egg extract system.  Early on I discovered that TopBP1 is an essential DNA replication factor in vertebrates (b), and this was the first demonstration of this important function for the protein.  I next took on the task of separating the replication and checkpoint functions of TopBP1, which was non-trivial as without replication there is no replication checkpoint response!  I defined separation of function mutations and used them to show clearly that the role of TopBP1 in ATR activation is distinct from its role in replication initiation (c). At the same time that my paper was published, Bill Dunphy published a paper showing that TopBP1 contains a potent ATR activation domain, and thus the two studies really put TopBP1 at the forefront for understanding how ATR kinase is activated.  I next moved on to studying the biochemical mechanism for TopBP1’s function in checkpoint signaling.  I showed that TopBP1 is required for recruitment of the 911 checkpoint clamp to stalled replication forks (d).  Currently, I am working on the mechanism for initial recruitment of TopBP1 to stalled forks (e), and these data are now being written up.

a. Michael WM, Ott R, Fanning E, Newport J. Activation of the DNA replication checkpoint through RNA synthesis by primase. Science. 2000 Sep 22;289(5487):2133-7. PubMed PMID: 11000117.

b: Van Hatten RA, Tutter AV, Holway AH, Khederian AM, Walter JC, Michael WM. The Xenopus Xmus101 protein is required for the recruitment of Cdc45 to origins of DNA replication. J Cell Biol. 2002 Nov 25;159(4):541-7. Epub 2002 Nov 18. PubMed PMID: 12438414; PubMed Central PMCID: PMC2173091.

c: Yan S, Lindsay HD, Michael WM. Direct requirement for Xmus101 in ATR-mediated phosphorylation of Claspin bound Chk1 during checkpoint signaling. J Cell Biol. 2006 Apr 24;173(2):181-6. Epub 2006 Apr 17. PubMed PMID: 16618813; PubMed Central PMCID: PMC2063809.

d: Yan S, Michael WM. TopBP1 and DNA polymerase-alpha directly recruit the 9-1-1 complex to stalled DNA replication forks. J Cell Biol. 2009 Mar 23;184(6):793-804. doi: 10.1083/jcb.200810185. Epub 2009 Mar 16. PubMed PMID:19289795; PubMed Central PMCID: PMC2699152.

e: Acevedo J and Michael WM.  Direct binding to RPA-coated ssDNA allows recruitment of TopBP1 to sites of DNA damage during checkpoint signaling. (manuscript in preparation)

2:  Early embryos bypass the checkpoint response to DNA damage
In most cell types, the presence of DNA lesions during replication causes replication forks to stall, and this in turn triggers a checkpoint response that delays cell cycle progression.  During early development, cell cycle timing is critical for proper embryonic patterning, and thus interruptions to the timing program can have deleterious effects on development.  How then do embryos respond to DNA damage?  To address this question, I chose to study early embryonic DNA damage responses in C. elegans.  Worm embryos contain an active ATR pathway that is critical for timing the early cell divisions.  Surprisingly, I found that even large amounts of exogenously applied DNA damage did not alter the timing of cell division in early embryos, despite the presence of an active ATR pathway.  How was the ATR checkpoint being silenced during a damage response?  To investigate this I did genetic analysis and found two genes that, when inactivated, allowed ATR to respond to DNA damage and slow the cell cycle (a).  One, gei-17, encoded a SUMO E3 ligase and the other, polh-1, encoded the translesion DNA polymerase pol eta.  By studying GEI-17 and POLH-1 I was able to determine that a robust capacity for translesion synthesis (TLS) was critical for the ability of early embryos to silence the ATR response to DNA lesions during replication.  This discovery thus established a precedent for how cells can escape checkpoint activation despite the presence of heavily damaged DNA, and this has direct implications for cancer biology.  To follow up, I wanted to determine the relationship between GEI-17 and POLH-1.  The role of POLH-1 in checkpoint silencing was clear, it allows lesion bypass during replication and thus forks do not stall and ATR is not activated.  But what was GEI-17, the SUMO ligase, doing to promote TLS?  As it turned out, GEI-17 is a critical regulator of pol eta in C. elegans (b).  SUMOylation of pol eta by GEI-17 allows the enzyme to bypass a DNA lesion, but as soon as this is accomplished, pol eta is ubiquitylated and destroyed by the CDT-2 ubiquitin ligase.  This conflict between SUMO and ubiquitin in controlling pol eta stability is critical to the mechanism that ensures that TLS polymerases like pol eta only replicate damaged DNA and not undamaged DNA.  To date this stands as the only defined mechanism for removal of TLS polymerases from the replication fork in any cell type or organism.

a: Holway AH, Kim SH, La Volpe A, Michael WM. Checkpoint silencing during the DNA damage response in Caenorhabditis elegans embryos. J Cell Biol. 2006 Mar 27;172(7):999-1008. Epub 2006 Mar 20. Erratum in: J Cell Biol. 2007 Aug 27;178(5):887. PubMed PMID: 16549501; PubMed Central PMCID: PMC2063758.

b: Kim SH, Michael WM. Regulated proteolysis of DNA polymerase eta during the DNA-damage response in C. elegans. Mol Cell. 2008 Dec 26;32(6):757-66. doi: 10.1016/j.molcel.2008.11.016. PubMed PMID: 19111656; PubMed Central PMCID: PMC2646262.  
 
3:  Zygotic genome activation triggers DNA damage and checkpoint activation
Recent findings have identified highly transcribed genes as a source of genome instability, however the degree to which large-scale shifts in transcriptional activity cause DNA damage was not known.  One example of a large-scale shift in transcriptional activity occurs during development, when maternal regulators are destroyed and zygotic genome activation (ZGA) occurs.  I have recently shown that ZGA triggers widespread chromosome breakage in the primordial germ cells in C. elegans (a).  I found that ZGA-induced breaks activate a checkpoint response, that the breaks are repaired via inter-sister homologous recombination, and that topoisomerase II plays a role in generating the breaks.  These findings identify ZGA as a source of intrinsic genome instability in the germline, and suggest that chromosome breaks may be a general consequence of extreme shifts in cellular transcriptional load.

[bookmark: _GoBack]a.  Butuči M, Williams A, Wong M, Kramer B, Michael WM. Zygotic genome activation triggers chromosome breaks in C. elegans primordial germ cells.  Dev. Cell (in press).

Complete List of Published Work in MyBibliography:   
http://www.ncbi.nlm.nih.gov/sites/myncbi/matthew.michael.1/bibliography/40560212/public/?sort=date&direction=ascending.
D.	Research Support
Current Research Support
R01 GM099825 Michael (PI)									12/1/2011-11/30/2015
NIH (NIGMS)
ATR-Chk1 signaling during embryonic and germ line development in C. elegans.
The major goals of this project are to elucidate the molecular functions of the ATR-Chk1 pathway in the control of cell cycle timing during early development and in establishment and maintenance of the germline.
Role: PI

Completed Research Support
R01 GM067735 Michael (PI)									2/1/2003-1/31/2015
NIH (NIGMS)
Replication checkpoint activation and silencing
The major goals of this project are to elucidate the molecular mechanisms of ATR activation and suppression in Xenopus. 
Role: PI




