OMB No. 0925-0001 and 0925-0002 (Rev. 10/2021 Approved Through 09/30/2024)
BIOGRAPHICAL SKETCH
Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person.  DO NOT EXCEED FIVE PAGES.
NAME: Pingping Cao
eRA COMMONS USER NAME (credential, e.g., agency login): PINGCAO92
POSITION TITLE: Postdoctoral Research Associate
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, including postdoctoral training and residency training if applicable. Add/delete rows as necessary.)
	INSTITUTION AND LOCATION
	DEGREE
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	Completion Date
MM/YYYY

	FIELD OF STUDY


	Shandong University, Jinan, China
	B.S.
	06/2015
	Molecular Biology

	Tsinghua University, Beijing, China
	Ph.D.
	01/2021
	Structural Biology, Biochemistry

	Princeton University, Princeton, NJ, USA
	Postdoctoral
	11/2022
	Structural Biology, Biochemistry

	Stanford University, Stanford, CA, USA
	Postdoctoral
	present
	Virology, Molecular Biology



A.	Personal Statement
My current research aims to understand viral-host interactions and develop antivirals against the widespread human non-polio enteroviruses (EVs), a large group of widespread pathogens that infect the respiratory and intestinal systems, leading to conditions including the common cold (rhinoviruses, RVs), hand, foot, and mouth disease (HFMD) (EV-71, Coxsackievirus A16), gastroenteritis (Coxsackievirus B), and neurological manifestations like acute flaccid paralysis and meningitis (EV-D68). Using the unbiased genome-wide knockout screen approaches, I search for host proteins co-opted by enteroviruses to benefit their pathogenesis. These studies will provide mechanistic insights into viral pathogenesis and potential novel therapeutic targets. The high prevalence of enteroviruses and the lack of vaccines and antivirals motivate me to work on developing antivirals using novel strategies. Collaborating with Prof. Priscilla Yang’s lab, I specifically target the enterovirus 2A protease through targeted protein degradation. I have established a platform and characterized small-molecule proteolysis targeting chimeras (PROTACs) that target 2A for degradation. We have obtained a lead compound showing sub-micromolar degradation activity in the reporter cell lines. Additionally, I am exploring the use of host-directed therapy (HDT), which holds promise in terms of overcoming viral drug resistance and providing a broad spectrum of activity. I screened chemical libraries at Stanford HTSKC core with a cell-based luciferase complementation system and a cell-free HTRF assay for compounds that disrupt the interaction between 2A and a host protein SETD3, which was recently identified by our group as essential for a broad panel of enterovirus infection. 
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]My PhD research focused on understanding the working mechanism of membrane protein complexes involved in sterol metabolism, transport, and signaling. The extensive experience and biochemical expertise in membrane protein engineering, overexpression, purification, and structure determination using single-particle cryo-EM analysis I gained during PhD training enabled me to transition smoothly to molecular virology. In the study of the Scap/Insig-2 complex, an ER-localized sterol sensor responsible for repressing translocation and activation of transcription factor-sterol regulatory element-binding proteins (SREBPs), I performed the pull-down assay and established the SREBPs cleavage assay, which verified the key residues mediating complex formation and 25-hydrocholesterol binding. I also contributed to the biochemical characterization of Patched 1, a sterol sensing domain (SSD)-containing receptor for Hedgehog. For my first year of postdoctoral research, I continued to study the structure and ER-associated degradation mechanism of HMGCR, which is the rate-limiting enzyme in sterol biosynthesis. 


B.	Positions, Scientific Appointments, and Honors

2022-Present	Postdoctoral Researcher, Department of Microbiology and Immunology, Stanford University, CA, USA
2021-2022		Postdoctoral Researcher, Department of Molecular Biology, Princeton University, NJ, USA
2015-2021	Ph.D. Candidate, School of Medicine, Tsinghua University, China
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]2014-2015	Undergraduate Research Assistant, School of Medicine, Tsinghua University, China 
2013-2014	Undergraduate Research Assistant, School of Life Science, Shandong University, China

Honors
2019	National Scholarship of China for graduate students
2018                Outstanding Fellowship, Beijing Advanced Innovation Center of Structural Biology
2014	National Encouragement Scholarship

C.	Contributions to Science

1. Enteroviruses (EVs), members of the Picornaviridae family, are a large group of widespread disease-causing pathogens that infect the respiratory and intestinal systems. I employ the unbiased genome-wide knockout screen approaches to search for host proteins co-opted by enteroviruses to promote their pathogenesis. Identifying these hijacked host factors and understanding the molecular basis of viral-host interactions provides novel host-directed antiviral targets. I identified novel pro-rhinovirus host factors, including GPCR signaling components (RIC8A, PDCL, Gαq), which positively modulate the GPCR signaling that activates phospholipase C β proteins, and key kinases involved in inositol phosphates synthesis (PLCB3, IPMK, ITPK1), as critical for a broad panel of enteroviruses, including RVs and Coxsackie viruses A10.
2. The traditional antivirals are developed to target viral proteins. I’m developing antivirals against EVs by targeting viral 2A protease for degradation through PROTACs and disrupting the viral replication-required interaction between 2A and host protein SETD3 through HTS to look for novel small molecule inhibitors. I have also identified novel E3s involved in enteroviral protein degradation, which could potentially be explored for further PROTAC development.     
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK67][bookmark: OLE_LINK68]3. Cholesterol homeostasis is vital for the normal functions of the human body. The SREBP pathway is central to the tight regulation of cholesterol biosynthesis and uptake via monitoring cellular sterol levels by ER membrane protein Scap and Insig. Scap escorts the transcription factor precursor SREBPs from ER to Golgi for activation and then the mature SREBPs initiate the transcription of genes involved in cholesterol uptake and synthesis. High sterol concentration in ER promotes binding of Scap to ER-anchored Insig, thus rendering the Scap/SREBP complex in ER, leading to a decline in cholesterol obtaining. It is key to reveal how Scap and Insig sense sterol in ER in the near-atomic model. In this work, we solved the cryo-EM structure of human Scap/Insig-2 complex with one 25-hydroxycholesterol molecule present at the interface of Scap and Insig. Together with biochemical assays, our work provides insights into the sterol-sensing mechanisms of the SREBP pathway.  
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]    	(#equal contribution, *corresponding author)
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]	a. Renhong Yan#, Pingping Cao#, Wenqi Song#, Hongwu Qian, Ximing Du, Hudson W Coates, Xin Zhao, Yaning Li, Shuai Gao, Xin Gong, Ximing Liu, Jianhua Sui, Jianlin Lei, Hongyuan Yang, Andrew J Brown, Qiang Zhou, Chuangye Yan*, Nieng Yan*. A structure of human Scap bound to Insig-2 	suggests how their interaction is regulated by sterols. 2021. Science, 371(6533): eabb2224.   
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]	b. Renhong Yan#, Pingping Cao#, Wenqi Song#, Yaning Li#, Tongtong Wang, Hongwu Qian, Chuangye Yan*, Nieng Yan*. Structural basis for sterol sensing by Scap and Insig. 2021. Cell Reports, 35(13):109299. 
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]4. The Hedgehog (Hh) signaling pathway plays roles in animal embryonic development and tissue maintenance in adults. The transmembrane receptor of Hh—Patched-1(Ptch1) keeps the pathway silent by suppressing the downstream GPCR Smoothened via an unclear mechanism. The binding of Hh ligands to Ptch1 inhibits its activity thus relieving its suppression to Smoothened. In this work, we solved the cryo-EM structures of monomeric Ptch1 alone and the 4:2 Ptch1-ShhN complex with one palmitoylated ShhN ligand bound to Ptch1 dimer through two distinct interfaces. We observed three steroid molecules binding along a hydrophobic conduit stretching from the transmembrane domain to the extracellular domain inside one Ptch1, which may outline the substrate transporting path. Based on our structure, we proposed asymmetric inhibition of the potential cholesterol transport activity of Ptch1 by Hh ligands, thus activating downstream cellular signaling. 
   
	a. Hongwu Qian#, Pingping Cao#, Miaohui Hu, Shuai Gamoleo, Nieng Yan*，and Xin Gong*. Inhibition of tetrameric Patched1 by Sonic Hedgehog through an asymmetric paradigm. 2019. Nature Communications, 10, 1-9. PMCID: PMC6534611
[bookmark: OLE_LINK86][bookmark: OLE_LINK87]	b. Xin Gong#, Hongwu Qian#, Pingping Cao#, Xin Zhao, Qiang Zhou, Jianlin Lei, Nieng Yan*. Structural basis for the recognition of Sonic Hedgehog by human Patched1. 2018. Science, 361, eaas8935. 


