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A.	Personal Statement

Since establishing my laboratory in 1986, I have graduated 18 students and supervised 28 postdoctoral fellows, many of whom hold academic positions. I have headed the graduate program each for five years at the University of Colorado and at Stanford University. Thus, I am well qualified to mentor graduate students and postdoctoral fellows. I received my Ph.D. from the State University of New York at Stony Brook, working on the functions of the adenovirus tumor antigens in the laboratory of Dr. Arnold J. Levine. Specifically, I discovered the interaction of adenovirus E1b protein with tumor suppressor p53. I subsequently joined the laboratory of Dr. David Baltimore at the Massachusetts Institute of Technology and the Whitehead Institute for Biomedical Research in Cambridge, MA where I studied virus-host interactions in poliovirus-infected cells using an infectious viral cDNA as a tool. During this time, I generated a cell line that could express a temperature-sensitive poliovirus from a stably integrated viral cDNA. This cell line could be used to rescue nonviable viral mutants. In 1986, I took an independent faculty position in the Department of Biochemistry, Biophysics and Genetics at the University of Colorado where I discovered internal ribosome entry sites (IRES) in cellular mRNAs and established a program to examine mRNA-ribosome interactions in mammalian cells. After my move to Stanford University in 1996, I discovered and studied diverse IRES elements in insect viruses that can bind ribosomes and mediate translation without the aid of canonical translation initiation factors from the A-site of the ribosome. In collaboration with Joachim Frank and Christian Spahn at the Wadsworth Center in Albany, New York, a first cryo-electron microscopic view of IRES bound to 80S ribosomes could be obtained. These studies indicated that IRES elements could function as RNA-based translation factors. More recently, my laboratory has been studying the mechanism by which certain microRNA molecules regulate expression of cellular and viral mRNAs. In particular, we have shown that a liver-specific microRNA, miR-122, upregulates the abundance of hepatitis C viral (HCV) RNAs in infected cultured liver cells. Subsequently, studies by Santaris Inc. and Regulus Inc. have shown in phase II clinical trials that sequestration of miR-122 by antisense oligonucleotides in infected patients dramatically reduced viral load, suggesting a novel antiviral therapeutic approach for HCV for patients that may respond to, or can afford the new FDA-approved drug regiment developed by Gilead and Abbvie. Over the last year, we discovered that cellular-derived circular RNAs have both pro-and antiviral functions. To our surprise, the positive-stranded HCV RNA viral genome is circularized as well in infected cells, arguing important functions for these molecules during infection and in un-infected bystander cells. I have trained over 50 scientists, many of whom have academic positions. Thus, I am qualified to direct and to evaluate scientists working in molecular biology and viral pathogenesis.
1.	Jopling, C.L., Yi, M, Lancaster, A.M., Lemon, S.M. and Sarnow, P. 2005. Modulation of hepatitis C virus 	RNA abundance by a liver-specific microRNA. Science 309:1577-1581. This paper was accompanied by 	Amoils, S. 2005. HCV’s little helper. Nature Reviews Microbiology, 3, 828.
2.	Jopling, C.L., Schütz, S. and Sarnow, P. 2008. Position-dependent function for a tandem microRNA-122 	binding site located in the hepatitis C virus RNA genome. Cell Host & Microbe 4: 77-85. PMCID: 	PMC3519368.	This paper was accompanied by a New and Views article: Jermy. A. 2008. MicroRNA rides 	tandem. Nature Rev. Micro. 6:648. NIHMSID: NIHMS59896.
3.	Machlin, E.S., Sarnow, P.* and Sagan, S.M. 2011. Masking the 5’ terminal nucleotides of the hepatitis C 	virus genome by an unconventional microRNA-target RNA complex. Proc. Natl. Acad. Sci. USA 108: 3193-	3198.PMCID: 	PMC3044371. *Senior corresponding author. This paper was accompanied by a 	Commentary: 	You S, Murray CL, Luna JM, Rice CM. End game: getting the most out of microRNAs. Proc. 	Natl. Acad. Sci. USA 108: 3101-3102. PMCID: PMC3044409. This paper won the 2011 Cozzarelli Prize 	from the Proceedings of the National Academy of Sciences.
4.	Sedano, C.D. and Sarnow, P. 2014. Hepatitis C virus subverts liver-specific miR-122 to protect the viral 	genome from exoribonuclease XRN2. Cell Host Microbe 13:257-264. PMCID: PMC4227615.

B.	Positions and Honors

Positions and Employment
1979-1982:	Graduate Student Assistant. State University of New York at Stony Brook, Stony Brook, NY. 						(Advisor: Dr. A.J. Levine)
1982-1986: 	Postdoctoral Fellow. Massachusetts Institute of Technology and Whitehead Institute for 							Biomedical Research, Cambridge, MA. (Advisor: Dr. David Baltimore).
1986-1991: 	Assistant Professor of Molecular Biology. Department of Biochemistry, Biophysics and 							Genetics. University of Colorado Health Science Center, Denver, CO.
1991-1996:	Associate Professor of Molecular Biology. Department of Biochemistry, Biophysics and 							Genetics. University of Colorado Health Sciences Center, Denver, CO.
1996-1999:	Associate Professor of Microbiology & Immunology. Department of Microbiology & Immunology. 				Stanford University School of Medicine. Stanford, CA.
1999-present:	Professor of Microbiology & Immunology. Department of Microbiology & Immunology. Stanford 					University School of Medicine. Stanford, CA.
2010-2017:	Professor and Chair of Microbiology & Immunology. Department of Microbiology & Immunology. 				Stanford University School of Medicine. Stanford, CA.
2017-			Professor of Microbiology & Immunology. Department of Microbiology & Immunology. Stanford 					University School of Medicine. Stanford, CA.


Other Experience and Professional Memberships
1993 - 1996	Permanent member of the Immunology, Virology and Pathology Study Section of the National 					Institute of Allergy and Infectious Diseases
1999 - 2003	Permanent member of the Experimental Virology Study Section
1996 - 2019	Member of the Editorial Board of Genes & Development
1996 -			Member of the Editorial board of the Journal of Virology
				Member of the American Society of Virology, American Society of Microbiology, RNA Society, 					American Association for the Advancement of Science 	 
2003 -			Editor – Virology
2003 -			Associate Editor – Virology Journal
2016-			Ad hoc member of the Virology Study Section A and B

Honors
1979 – 1982	Predoctoral Fellowship from the Studienstiftung des Deutschen Volkes
1982 – 1985	Postdoctoral Fellowship from the Deutsche Forschungsgemeinschaft
1992 – 1997	Faculty Research Award from the American Cancer Society 
2006			The Sidney and Skippy Frank Prize /Institute for Immunity, Transplantation and Infection at 						Stanford University 
2009 - 2019	NIH Merit Award 
2011 - 2016	NIH Director's Transformative R01 (T-R01) Program Award, National Institutes of Health 
2010			Elected- Fellow of the American Association for the Advancement of Science 
2012			Elected - Fellow of the American Academy of Microbiology
2012			2011 Cozzarelli Prize from the Proceedings of the National Academy of Sciences
2020			Elected – Member of the National Academy of Sciences
[bookmark: _GoBack]
C.	Contributions to Science

My overall contributions to science in my career have come from studying virus-host interactions. Because viruses subvert or avoid pathways from the infected host, much can be learned how these pathways work in cells during health and disease.

1. My first publications as a faculty member described the application of an infectious poliovirus cDNA to study the role of viral and cellular proteins in the viral life cycle. First, we identified a cellular 50kD protein that bound in a unique oxidative-reduction sensitive manner to a stem-loop structure at the 5’ end of the viral genome. This factor was later identified as a cell cycle regulated protein that serves as a translation initiation factor for the viral RNA (Philipenko et al. 2000. Genes & Dev.). Second, we discovered that virus-encoded protein 2A greatly enhances the translation of the viral RNA, especially early in infection when the viral RNA has to compete with host mRNAs for ribosomes. Later studies found that a similar mechanism operates in cells infected by other picornaviruses. Studies on the noncoding regions in the viral RNA revealed that these regions modulate viral translation and replication aided by distinct higher-ordered structures in the RNA. These studies provided an outline how to study roles for noncoding regions in other viral RNA genomes after infectious cDNAs became available.

Najita, L. and Sarnow, P. 1990. Oxidation-reduction sensitive interaction of a cellular 50kDa protein with an RNA hairpin in the 5' noncoding region of the poliovirus genome. Proc. Natl. Acad. Sci. USA 87:5846-5850. PMCID: PMC54425

Hambidge, S.J. and Sarnow, P. 1992. Translational enhancement of the poliovirus 5’ noncoding region mediated by virus-encoded polypeptide 2A. Proc. Natl. Acad. Sci. USA 89:10272-10276. PMCID: PMC50320

Jacobson, S.J., Konings D.A. and Sarnow, P. 1993. Biochemical and genetic evidence for a pseudoknot structure at the 3’ terminus of the poliovirus RNA genome and its role in viral RNA amplification. J. Virol. 67:2961-2971. PMCID: PMC237632

2. Next, we focused on the observation that a cellular mRNA, encoding the molecular chaperone BiP, could be translated in poliovirus-infected cells when the synthesis of host mRNAs was abolished due to virus-induced cleavage of translation initiation factors.  These studies revealed that BiP mRNA was the first host mRNA that is translated by an internal ribosome entry sites (IRES), such as the viral RNA. Based on these findings we examined whether mRNAs with very long 5’ leader sequences in Drosophila could be translated by an IRES mechanism. Indeed, the homeotic Antennapedia mRNA was shown to be translated by an IRES mechanism. Subsequently, many researchers reported IRES elements in cellular mRNAs and, more recently, in vertebrate HOX mRNA. Excitingly, several researchers, including our group, have shown recently that IRES-containing mRNAs are translated by specialized ribosomes. In addition, we have shown in a landmark paper (Chen and Sarnow. 1995. Science) that IRES-mediated translation is very much bacteria-like in nature, because RNA circles can be translated if they contain IRES sequences. 20 years later translation of naturally occuring host-derived circular RNAs was discovered.

Macejak, D.G. and Sarnow, P. 1991. Internal initiation of translation  mediated by the 5' leader of a cellular mRNA. Nature 353:90-94. This paper was accompanied by a  News and Views  comment by  Richard J. Jackson. (1991). Initiation without an end. Nature 353:14-15.

OH, S-K., Scott, M.P. and Sarnow, P. 1992. Homeotic gene Antennapedia mRNA contains 5’ noncoding sequences that confer translational initiation by internal ribosome binding. Genes and Development 6:1643-1653.

Fuchs, G., Diges, C., Kohlstaedt, L.A., Wehner, K.A. and Sarnow, P. 2011. Proteomic analysis of ribosomes: translational control of mRNA populations by glycogen synthase GYS1. J. Mol. Biol. 410:118-130.

Chen, C. and Sarnow, P. 1995. Initiation of protein synthesis by the eukaryotic translational apparatus on circular RNAs. Science 268: 415-417.

3. In an interesting twist of fate, we discovered that the IRES, located in the intergenic region of the cricket paralysis virus genome, can recruit 40S ribosomal subunits without the aid of any translation initiation factor. Very surprisingly, the IRES occupies the ribosomal P site and translation initiation commences from an elongator tRNA molecule that binds to the ribosomal A site. Thus, this unique IRES functions as an RNA-based translation factor. Furthermore, the unique biophysical properties of the IRES allowed the first visualization by cryo electron microscopy of an IRES bound to an 80S human ribosome. At present, using novel single molecule approaches we are studying (in collaboration with Jody Puglisi, Stanford University) the kinetics and dynamics by which the hepatitis C virus IRES recruits 40S subunits. We expect to identify unique steps in 40S subunit recruitment that can be used as antiviral targets.

Wilson, J.E., Pestova, T.V., Hellen, C.U.T. and Sarnow, P. 2000. Initiation of protein synthesis from the A site of the ribosome. Cell 102: 511-520. This paper was accompanied by a Dispatch: John E.G. McCarthy. 2000. Translation initiation: Insect virus RNAs rewrite the rule book. Current Biology 10:R715-R717.

Jan, E., Goss Kinzy, T. and Sarnow, P. 2003. Divergent tRNA-like element supports initiation, elongation and termination of protein biosynthesis. Proc. Natl. Acad. Sci. USA 100: 15410-15415.  PMCID: PMC307581.

Spahn, C.M.T., Jan, E., Mulder, A., Grassucci, R.A., Sarnow, P. and Frank, J. 2004. Cryo-EM visualization of a viral internal ribosome entry site bound to human ribosomes: the IRES functions as an RNA-based translation factor. Cell 118: 465-475. 

Fuchs, G., Petrov, A.N., Marceau, C.D., Popov, L.M., Chen, J., O'Leary, S.E., Wang, R., Carette, J.E., Sarnow, P and Puglisi, J.D. 2015. Kinetic pathway of 40S ribosomal subunit recruitment to hepatitis C virus 	internal ribosome entry site. Proc. Natl. Acad. Sci. USA. 112: 319-325. PMCID: PMC4299178

4. Most of our recent scientific efforts are centered on the role of liver-specific microRNA miR-122 in the hepatitis C virus (HCV) life cycle. Specifically, we discovered that the HCV RNA genome binds two molecules of miR-122 at its 5’ end. This oligomeric complex forms in all HCV genotypes and its main role is to protect the viral RNA from degradation by riboexonucleases. Excitingly, sequestration of miR-122 by modified antisense oligonucleotides results in loss of HCV RNA abundance in cultured cells and infected chimpanzees. Encouraged by these results, Santaris Inc. (Kopenhagen, DK) and Regulus  (San Diego, USA) have performed phase I, and phase II clinical trial in HCV-infected patients. It was found that virus load diminished by several logs in all treated patients. In addition, HCV RNA was non-detectable in a few patients. Thus, treatment of patients with anti-miR-122 oligonucleotides is being explored as an additional option to combat HCV.                                                 

Jopling, C.L., Yi, M, Lancaster, A.M., Lemon, S.M. and Sarnow, P. 2005. Modulation of hepatitis C virus RNA abundance by a liver-specific microRNA. Science 309:1577-1581. This paper was 	accompanied by two News and Views articles: Ganguli, I. 2005. Linking microRNA to hepatitis C. The 	Scientist, Sept. 02. Amoils, S. 2005. HCV’s little helper. Nature Reviews Microbiology, 3, 828.

Machlin, E.S., Sarnow, P.* and Sagan, S.M. 2011. Masking the 5’ terminal nucleotides of the hepatitis C virus genome by an unconventional microRNA-target RNA complex. Proc. Natl. Acad. Sci. USA 108: 3193-3198.PMCID: 	PMC3044371. *Senior corresponding author. This paper was accompanied by a 	Commentary: You S, Murray CL, Luna JM, Rice CM. End game: getting the most out of microRNAs. Proc. 	Natl. Acad. Sci. USA 108: 3101-3102. PMCID: PMC3044409. This paper won the 2011 Cozzarelli Prize 	from the Proceedings of the National Academy of Sciences.

Marceau, C.D., Puschnik, A.S., Majzoub, K., Ooi, Y.S.,Brewer, S.M., Fuchs, G.,m Swaminathan, K., Mata, M.A., Elias, J.E., Sarnow, P. and Carette, J.E. 2016.  Genetic dissection of Flaviviridae host factors through genome-scale CRISP screens. Nature, 535: 159-163.
Mata, M. Neben, S., Majzoub, K., Carette, J., Ramanathan, M., Khavari. P.A. and Sarnow, P. 2019. Impact of a patient-derived hepatitis C viral RNA genome with a mutated microRNA binding site. PLoS Pathog. 15:e1007467

Complete List of Published Work in My Bibliography:
http://www.ncbi.nlm.nih.gov/pubmed/?term=sarnow+p


D.	Additional Information: Research Support and/or Scholastic Performance 

Ongoing Research Support


NIAID: R01 AI069000-11										Peter Sarnow (PI)					07/01/18-06/2013
Roles for microRNA-122 and host circular RNAs in flavivirus RNA amplification
This proposal studies miR-122 escape mutants in HCV, and the pro- and antiviral functions of host circular RNAs in the viral life cycle. There is no overlap to this application.
Role: PI

Chan-Zuckerberg Biohub										Peter Sarnow (co-PI)				08/01/18-7/31/21
Defining vigilance and complicity in viral infections of human organoids using single-cell RNA sequencing
This proposals studies gene expression of emerging viruses in human organoids with particular emphasis on effects in bystander cells. There is no overlap to this application.
Role: PI
Co-Investigators: Lauren Coscoy, Karla Kirkegaard, Melanie Ott

Completed Research Support

NIAID: R01 AI069000 										Peter Sarnow (PI) 				02/01/11-01/31/16
Roles for microRNA-122 in hepatitis C virus RNA amplification
This proposal studies the mechanism by which liver-specific microRNA miR-122 enhances HCV amplification in cultured cells.
Role: PI

NIAID: 1R01AI099506										Peter Sarnow (PI)					02/01/14-01/31/19
Modulation of internal ribosome entry in viral genomes by ribosomal protein RpS25
This proposal studies the role of RpS25 in the translation of viral RNAs using single molecule approaches.
Role: PI
Co-Investigator: Jody Puglisi

NIAID: 5R37 AI47365  		(Merit  Award)					Peter Sarnow (PI) 				12/01/04-11/30/19
Structure and function of the Hepatitis C Virus Genome
This proposal studies the translation initiation mechanism in HCV and elucidates the structures involved in internal binding of 40S subunits using NMR and single-molecule FRET analyses. 
Role: PI
Co-Investigator: Jody Puglisi



