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BACKGROUND:  

Females have two X chromosomes and males have an X and a Y chromosome. Due to differences 
in the gene density on sex chromosomes, the extra copy of mammalian X chromosome is 
silenced by X chromosome inactivation (XCI) in females. This silencing of X chromosome 
accomplishes gene dosage balance between the sexes. Our previous genome-wide screen 
identified 13 regulatory factors essential for XCI. These factors are referred to as X chromosome 
Inactivation Factors (XCIFs). We showed that interfering with the function of these XCIFs using 
small molecule inhibitors reactivated the silent X chromosome in various cell culture models. 
Our findings are clinically significant to a pediatric disease called Rett Syndrome, which 
exclusively affect girls. RTT is a neurodevelopmental disease caused by loss-of-function 
mutations in the X-linked MECP2 gene. Currently, there is no cure for RTT. But the discovery of 
XCIFs opens an opportunity to cure RTT by desilencing inactive X-linked genes that includes 
MECP2.  

PROJECT:  
Based on our discovery of 13 XCIFs and comprehensive in vitro data, we hypothesize that the 
inhibition of XCIFs or their function can reactivate Xi in vivo. In this project, we will extend our 
findings from several ex vivo models to in vivo system. Several of the XCIFs are druggable 
protein kinases identified through the original screen. With the goal to assess XCIFs druggability 
for RTT therapeutics, small molecule inhibitors of these kinases will be tested in various 
preclinical drug models. Preclinical drug models are an integral part of validating the lead 
compounds for RTT therapeutics before clinical trials in RTT girls can be initiated. Here, we will 
test the small molecule inhibitors for their ability to express MECP2 from Xi in RTT-specific 
induced pluripotent stem cells (iPSC) and RTT mouse models. The iPSCs models have been 
very well characterized for human diseases and are ideal to study monogenic disease like RTT. 
Due to high penetrance and association with a clear cellular phenotype, RTT-iPSCs offers an 
unprecedented opportunity to closely examine the disease.  
     Other invaluable preclinical drug models are animal models that provide insight into the 
disease mechanisms at different developmental stages and in a variety of cell types. Therefore, 
we will measure the extent of Xi-MECP2 reactivation and its affect on alleviating the behavioral 
and cognitive symptoms in relevant RTT mouse models.  
 
SPECIFIC AIMS: 



 
(1) Will inhibition of XCIFs by small molecule inhibitors cause Xi-MECP2 reactivation in 

induced pluripotent stem cells from RTT patient? 
(2) Is Xi-MECP2 reactivation achievable by genetic manipulation of XCIFs? 
(3) Can reactivation of Xi-MECP2 alleviate behavioral and neurological symptoms of RTT 

mouse model? 
 
 
REQUIRED SKILLS/KNOWLEDGE:  
Student is expected to have strong understanding of the basics of molecular and cell biology. 
Laboratory experience in culturing cell lines, handling mice and behavioral studies is essential.   
 
RELEVANT RESRACH PUBLICATIONS:  
1) Bhatnagar S and Green MR. TRIMming down tumor suppressors in breast cancer. Cell Cycle, 
2015.  
2) Bhatnagar S, Claude G, Chamberlain L, Ou J, Zhu X, Tushir JS, Virbasius CM, Lin L, Zhu 
LJ, Wajapeyee N and Green MR. TRIM37 is a new histone H2A ubiquitin Ligase and breast 
cancer oncoprotein. Nature 2014 Dec 4; 516: 116-120  
3) Bhatnagar S, Zhu X, Ou J, Lin L, Chamberlain L, Zhu LJ, Wajapeyee N and Green MR. 
Genetic and pharmacological reactivation of the mammalian inactive X chromosome. 
Proceedings of the National Academy of Sciences of the United States of America 2014 Sep2; 
111(35): 12591-8  
 



Neuronal circuitry and behavior following neonatal 
hypoxic-ischemic injury 

 

Hypoxic-ischemic encephalopathy (HIE) is a condition that affects 1.5/1000 newborns annually 
in developed nations and may lead to death, seizures, cerebral palsy, and behavioral and 
cognitive defects. These cognitive and behavioral deficits are difficult to predict in neonatal 
animals and humans based on available imaging and exam. This suggests there are 
microstructural or functional changes in neuronal circuitry and activation that are not detected 
during standard imaging (MRI) and neurologic examination. These changes may later manifest 
as deficits in memory, learning, and behavior. Disruption of hippocampal circuitry associated 
with HIE-induced may shed light on these changes. By providing new fundamental knowledge 
regarding mechanisms of behavioral and cognitive deficits following HIE, this proposal has the 
potential to improve outcomes for infants with HIE.  
 

Cognitive and behavioral outcomes following neonatal hypoxic-ischemic encephalopathy (HIE) 
are difficult to predict during the neonatal period. Previous work has established that MRI and 
neurologic exam in the neonatal period are poor prognostic tools for behavioral and cognitive 
deficits. Deficits in working and spatial memory exist in young adult mice that were exposed to 
neonatal hypoxia-ischemia. Examining a well-established neonatal mouse model of hypoxic-
ischemic brain injury using novel methods, our preliminary data has found that a subset of 
young adult mice exhibit interictal spikes and chronic abnormal neuronal activation in the 
hippocampal-parahippocampal circuit. The concept of a memory engram involves this circuit 
and that a specific memory is encoded is stored in a specific population of neurons. Therefore, 
we propose that the memory engram is disrupted by interictal spikes and chronically abnormal 
neuronal activity in the hippocampal-parahippocampal circuit related to neonatal HIE. First, we 
will characterize electrographic abnormalities and neuronal activity in the hippocampal circuitry 
in young adult mice following neonatal hypoxia-ischemia using neuronal activation mapping in 
lipid cleared transgenic mouse brains and high quality electrographic recordings. We will 
investigate the link between electrographic abnormalities, abnormal neuronal activity in 
hippocampal circuitry and disruption of the memory engram in this model.  

Required skills: Interest in area of neuroscience. Animal handling experience helpful but not 

required.  

Jennifer C. Burnsed, MD 
Assistant Professor of Pediatrics, Division of Neonatology 
 

Research interests: neonatal hypoxic-ischemic encephalopathy, neuronal 

circuitry in developing and injured brain, cognition and behavior following 

injury 



Structure/function studies and inhibitor development 

targeting the MLL-AF9 fusion protein in leukemia 
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The mixed lineage leukemia (MLL) protein positively regulates gene expression during 
development. MLL is a histone 3 lysine 4 (H3K4) methyltransferase that is required for 
the maintenance of spatial patterns of HOX gene expression during development and 
hematopoiesis. The MLL gene is a common target of chromosomal translocations found 
in acute leukemias affecting both children (Sorensen et al., 1994) and adults. 
Translocations of MLL fuse an N-terminal fragment of MLL to over 70 different nuclear, 
cytoplasmic, or membrane partners. MLL leukemia accounts for up to 10% of acute 
myeloid leukemia (AML) and acute lymphoblastic leukemia (ALL), but is over-represented 
in two subpopulations of patients: infants, where MLL is involved in up to 80% of acute 
leukemias, and patients previously treated for other cancers, in whom the use of drugs 
that target DNA topoisomerase II can trigger MLL rearrangements. 

MLL-fusion partners AF9, ENL and AF4 account for over two-thirds of MLL-
rearrangements and have been shown to associate with each other as members of 
transcriptional elongation complexes, suggesting that misregulation of transcriptional 
elongation is a common mechanism in MLL-dependent leukemogenesis. The N-terminal 
portions of these fusion partner proteins are lost in the MLL-rearrangements whereas the 
C-terminal domains are retained; in AF9 this domain is referred to as the ANC1 homology 
domain (AHD). This enables the MLL-fusion protein to constitutively interact with 
members of these transcriptional elongation complexes. In particular, the AF9 AHD can 
recruit AF4 family members leading to the subsequent phosphorylation of RNA 
polymerase II via P-TEFb, as well as DOT1L, a methyltransferase responsible for histone 
3 lysine 79 (H3K79) methylation, a mark associated with active transcription. The 
constitutive recruitment of these proteins by MLL-AF9, combined with the gene-specific 
recognition binding domains of the N-terminal portion of MLL, leads to dysregulated 
expression of MLL target genes such as HOXA9 and MEIS1, decreased differentiation, 
and increased self-renewal.  

This project will focus on structures and biochemical properties of the AF9 AHD in its 

interactions with other partners to understand their role in MLL-AF9 fusion leukemia. 

Furthermore, this project will focus on the development of small molecule inhibitors 

which can disrupt critical interactions of this domain as a novel approach to treatment 

for MLL-AF9 leukemia.  

 



Relevant publications from the Bushweller lab 

MLL Protects CpG Clusters from Methylation within the Hoxa9 Gene, Maintaining 

Transcript Expression. Frank E. Erfurth, Relja Popovic, Jolanta Grembecka, Tomasz 

Cierpicki, Catherine Theisler, Zhen-Biao Xia, Tara Stuart, Manuel O. Diaz, John H. 

Bushweller, and Nancy J. Zeleznik-Le. Proc. Natl. Acad. Sci., 105, 7517-22 (2008). 

Structure of the MLL CXXC domain – DNA complex and its functional role in MLL-AF9 

leukemia. Tomasz Cierpicki, Laurie E. Risner, Jolanta Grembecka, Stephen M. Lukasik, 

Relja Popovic, Monika Omonkowska, David S. Shultis, Nancy J. Zeleznik-Le, and John 

H. Bushweller. Nat. Struc. Mol. Biol., 17, 62-68 (2010). 

The PHD3 domain of MLL acts as a CYP33-regulated switch between MLL-mediated 

activation and repression. Sangho Park, Ute Osmers, Gayathree Raman, Rebecca H. 

Schwantes, Manuel O. Diaz, and John H. Bushweller. Biochemistry, 49, 6576-86 

(2010). 

MLL fusion partner AF9 is an intrinsically disordered transcriptional regulator which 

recruits multiple partners via coupled folding and binding. Benjamin I Leach, Aravinda 

Kuntimaddi, Charles R Schmidt, Tomasz Cierpicki, Stephanie A Johnson, and John H. 

Bushweller. Structure, 21, 176-83 (2013). 

Functional specificity of CpG DNA binding CXXC Domains in Mixed Lineage Leukemia 

(MLL) Leukemia.  Risner LE, Kuntimaddi A, Lokken AA, Achille NJ, Birch NW, 

Schoenfelt K, Bushweller JH, Zeleznik-Le NJ. J. Biol. Chem., 288, 29901-10 (2013). 

Importance of a specific amino acid pairing for murine MLL leukemias driven by 

MLLT1/3 or AFF1/4. Lokken AA, Achille NJ, Chang MJ, Lin JJ, Kuntimaddi A, Leach BI, 

Malik B, Nesbit JB, Zhang S, BushwellerJH, Zeleznik-Le NJ, Hemenway CS. Leuk Res., 

38, 1309-15 (2014). 

Degree of recruitment of DOT1L to MLL-AF9 defines level of H3K79 di- and tri-

methylation on target genes and transformation potential. Aravinda Kuntimaddi, 

Nicholas J. Achille, Jeremy Thorpe, Alyson A. Lokken, Ritambhara Singh, Charles S. 

Hemenway, Mazhar Adli, Nancy J. Zeleznik-Le, and John H. Bushweller. Cell Reports, 

11, 808-20 (2015). 

 



Targeting Metabolic Weaknesses of the Malaria Parasite 

 

 

 

 

 

 

 

 

 

 

MALARIA 

Plasmodium falciparum is the most fatal human malaria parasite, causing ~1 million deaths annually. We 

rely heavily on the use of antimalarial drugs for treatment of this disease. Many of these drugs are paired 

with others to reduce the chance of resistance development (i.e. artemisinin combination therapies). 

Despite this approach, the parasite has developed resistance to all antimalarial drugs in clinical use. 

Resistance is generally conferred by mutations in the parasite genome. However, we have evidence that 

there are also metabolic adjustments that occur during the development of resistance. Such changes can 

have dramatic effects on parasite survival, especially if they confer cross-resistance to other antimalarials.  

 

THE GULER-PAPIN COLLABORATION 

Over the past 3 years, we have been developing a computational pipeline to detect how the generation of 

antimalarial resistance alters metabolic pathways. We have a newly curated P. falciparum metabolic 

model, which is the most accurate to date. We overlay data sets, either open source or those produced in 

the Guler Lab, to generate resistant and sensitive models in silico. These models are then used to identify 

metabolic changes unique to the resistant parasites. Given that this work involves the disease-causing 

organism, which is refractory to experimental manipulation, our modeling approach helps us to focus 

hypotheses/experiments to learn more about the parasite’s stress response. Ultimately, we aim to target 

these weaknesses using novel combination therapies and prevent clinical resistance. 

 

POTENTIAL PROJECTS 

1. Biochemical validation of hypotheses. We have constructed models that represent the metabolism of 

artemisinin and chloroquine sensitive and resistant parasites. These in silico comparisons have revealed a 

number of differences that require biochemical validation with in vitro-cultured blood stage parasites. If 

you join this project, you will identify a candidate of interest and along with Dr. Guler, design an assay to 

measure the metabolic pathways of interest in resistant and sensntive parasites. During assay 

implementation, you will work closely with another student and our lab technician, who will coordinate 

access to parasite material. Experience with in vitro culture and biochemical assays is preferred. 

 

2. Investigation of resistance using open source data sets. ‘Omics data sets comparing sensitive and 

resistant parasites are being generated from clinical isolates and novel antimalarial selections almost 

monthly. If you join this project, you will work to build and compare in silico models for other resistance 

examples. You will work closely with students to learn how to use our updated model and analysis tools 

developed by the Papin lab. Following this phase of the project, you will have the opportunity to compare 

your results to those from other examples to build hypotheses about the general stress response of the 

parasite. Experience with computer languages (R, Python, or Matlab) is required and experience with 

modeling tools and strategies is preferred. 
 

This will be the first time that Drs Guler or Papin participate in this program 

Jason Papin, Ph.D. 
Professor, Biomedical Engineering 

http://bme.virginia.edu/csbl/ 
  

Jennifer Guler, Ph.D. 
Assistant Professor, Biology 

http://bio.as.virginia.edu/people/jlg5fw 

http://bme.virginia.edu/csbl/
http://bio.as.virginia.edu/people/jlg5fw
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BACKGROUND:  
 
Generating effective RNAi-based therapies with the potential to achieve cancer remission 
remains critical unmet need. Despite growing number of cancer specific clinical trials, tissue 
specific delivery of therapeutic siRNA is a major roadblock in translating its clinical potential.  
The most recent reports in antibody-siRNA-conjugates (ARCs) field add new dimensions to the 
leukemic therapy, where a covalently ligated therapeutic antisense-RNA with the potential to 
represses the oncogenic transcript is selectively delivered into the cancer cells.  In spite of ARC 
localization to cancer cells due to high affinity antigen-antibody interactions, multiple challenges 
exist to unlock the therapeutic potential of siRNA targeting. We are pursuing various projects to 
enhance siRNA targeting efficacy using therapeutic antibodies and their relevant as cancer 
therapeutics. 
 
PROJECTs:  
 
There are multiple projects available in lab: 
 
1 ARC project: We are using multiple DNA and protein engineering based approaches to 
neutralize siRNA charge, stabilize ARC complex, restrict off-targeted delivery, optimize 
endosomal escape, and extend serum half-life. 
 
2. Bispecific antibodies project: Ovarian cancer (OvCa) is the most lethal of gynecological 
diseases and is known for chemoresistance. Therefore, developing safe and efficacious therapies 
that improve long-term progression free survival remains an urgent unmet medical need for 
advanced stage cancer patients. Recent clinical data indicates that immune-activating antibodies 
(mono-specific or bi-specifics) are highly effective in melanoma and chemoresistant blood 
cancer patients. However, in the solid tumors of epithelial origin, including high-grade serous 
ovarian carcinoma, antibody-based approaches have not produced similar clinical results. One 
major roadblock to the success of therapeutic antibodies is the ineffective penetration of the 
immune effector cells into the solid tumor bed, a requisite for the natural killer cell-mediated 
antibody-directed cell cytotoxicity (ADCC) and killer T-cell-mediated cytotoxicity. In support, 
various solid epithelial cancer approved antibodies targeted against growth factors and receptor 
tyrosine kinases have also indicated that ADCC contribution is a minor part of their efficacy in 
breast, colorectal, renal, and lung cancers.  
 
We have engineered a unique cell death-instigating partner in a bispecific antibody called Bi-
specific-anchored Cytotoxicity-activator (BaCa). In our preliminary studies, the BaCa antibody 
induces a very high-level of apoptosis that is remarkably selective to the OvCa cells. We want to 
fully characterize BaCa antibody strategy for proof of concept targeted OvCa therapy. 
 
 
 
SPECIFIC AIMS: 
 
Student will work within these projects that are available under stated specific aims: 
 



Specific Aim 1: Test and characterize the BaCa targeting strategy in FOLR1-positive OvCa 
cell lines.  
Comprehensively test the BaCa antibody for the ex-vivo potency in 2D epithelial and soft-agar 
assays using chemosensitive and chemoresistant cell lines that are highly reflective of high-grade 
OvCa. 
Biochemically define the importance of antigen binding valency and bi-specific platform 
geometry in achieving avidity-optimized cell killing efficacy 

 
Specific Aim 2: Determine in vivo safety and efficacy of the BaCa antibody as a potential 
therapeutic strategy.  
Comprehensively test and compare the functional in vivo efficacy of the BaCa antibody to 
benchmark antibodies that require ADCC function for their activity using mice xenograft studies. 
Test in vivo toxicity assays of BaCa antibody using murine models. 
Test the anti-cancer potential of the BaCa antibody using heterogeneous patient-derived 
xenografts. 
Specific Aim 3: To evaluate Fc-linker-centered ARC (FcARC) platform for replicable 
tumor cell targeting and optimized silencing performance 
 
Specific Aim 4: To evaluate the importance of charge balancing and an efficient endosomal 
escape signal for targeting tumor cells using the FcARC platform. 
 
 
REQUIRED SKILLS/KNOWLEDGE:  
Student is expected to have strong understanding of the basics of molecular biology, 
immunology. Laboratory experience in culturing cell-lines, FACS, siRNA, protein purification 
will be desirable.   
 
Tushir-Singh laboratory is new (only 1 year at UVA) and has a unique blend of academic and 
pharmaceutical research. 
We have published one invited review article that is related to ARC research topic. Bispecific 
research paper writing is in progress.  
 
1)  Antibody-siRNA conjugates: drugging the undruggable for anti-leukemic therapy. 
Tushir-Singh J,  Expert Opin Biol Ther. 2016 Dec 15. [Epub ahead of print] 
  
  
	  



Investigating Mechanisms of Kidney Protection by Regulatory T Cells 

 

 

 

Dr. Gilbert R. Kinsey 

Assistant Professor 

Departments of Medicine and Pharmacology 
University of Virginia School of Medicine 
http://bims.virginia.edu/faculty/gilbert-kinsey/ 

 
 
Our lab is dedicated to finding new ways to prevent or treat acute kidney injury.  There are currently no 
specific treatments for acute kidney injury (AKI) and this disease leads to increased rates of death in 
hospitalized patients and chronic and end stage renal disease in those who survive. This type of kidney 
disease occurs very often in critically ill patients and after major surgeries, such as open-heart surgery.  One of 
the key events that causes the kidney injury and loss of function is an uncontrolled immune response in the 
kidney.  Many different cells of the innate and adaptive immune system participate in the harm during AKI.  
Animal models have shown that blocking the pro-inflammatory immune response in the kidney lessens the 
severity of kidney damage and allows for preservation, or quicker recovery of normal kidney function. 
 
Intrinsic regulatory T cells are anti-inflammatory cells that protect the kidney from injury.   Our lab has 

identified that regulatory T cells (Tregs), a subset of CD4+ T cells of the immune system, are critical for the 
kidney to withstand acute injury.  Reducing the normal number of Tregs in mice by half leads to increased 
inflammation, kidney cell death and loss or renal function after mild ischemia-reperfusion injury (IRI; an 
experimental model of human AKI).    
 
Regulatory T cell-associated therapies may be therapeutic options for human acute kidney injury.  In 
mice, our lab and others have found that increasing the number of Tregs prior to more severe kidney IRI 
markedly reduces immune cell infiltration, tissue injury and kidney dysfunction.  Increasing Tregs can be 
accomplished by IV injection of purified Tregs isolated from another mouse, or by treatment with an 
immunologic or pharmacologic agent that causes intrinsic Tregs to proliferate.  Both methods have proven 
successful in mouse models of AKI, and importantly, both of these methods are possible in humans.  However, 
no one has tested whether a Treg-enhancing therapy would reduce the risk or severity of AKI in patients. 
 
In order to move toward using a Treg-based therapy for human AKI, the mechanisms by which Tregs 
provide protection must be more thoroughly understood. 

 
Potential Project. What mechanisms do Tregs use to prevent AKI?  

Part I. We have determined that Tregs must express the cytokine IL-10 and the cell surface receptor PD-1 in 
order to protect the kidney from injury.  This project involves in vivo mechanistic studies in mice genetically-
engineered to lack expression of the IL-10 receptor in certain cell types (for example: innate immune cells), 
and other mice that lack expression of the PD-1 ligand PD-L1 in specific cell types (for example: vascular 
endothelial cells).  These mice will be used as recipients of Treg IV injection to test the requirement of the IL-10 
receptor and PD-L1 in specific cell types for the protective function of Tregs.  These experiments will provide a 
clear understanding of what other cells Tregs interact with in order to protect the kidneys from injury. 
    
Part 2. The functional role of PD-1 expressed by Tregs in the setting of an acute injury model is not known.  
This set of experiments will utilize Tregs isolated from normal wild-type mice and PD-1 knockout mice to 
investigate this.  Some potential functions of PD-1 include stimulation of oxidative metabolism that may be 
preferred by Tregs over glycolysis, or promoting and strengthening the interaction between Tregs and vascular 
endothelial cells.  These, and potentially other roles for PD-1 on Tregs will be investigated in vitro.   
 

 



Required skills/knowledge: experience with and/or willingness to learn and participate in mouse handling, basic 
understanding of kidney physiology and immunology would be helpful.   
 
The student will learn the following techniques as part of their training:  immune cell isolation by immuno-
magnetic methods and by flow cytometric sorting, flow cytometry of kidney cell suspensions, quantitative real-
time PCR, stereological analysis of mouse kidneys to assess tissue injury, immunofluorescence microscopy, 
metabolic phenotyping of isolated Tregs using a Seahorse Extracellular Flux Analyzer. 
 
One previous visiting graduate student from Poland completed her Master’s thesis research in our laboratory 
and is first author on a manuscript describing some of the background for the current potential project: 
 
Katarzyna Jaworska, Joanna Ratajczak, Liping Huang, Kristen Whalen, Mana Yang, Brian K. Stevens and 
Gilbert R. Kinsey. Both PD-1 ligands protect the kidney from ischemia reperfusion injury. Journal of 
Immunology. 194(1):325-333, 2015. DOI: 10.4049/jimmunol.1400497 
 
Other references pertaining to this project: 
 
Gilbert R. Kinsey, Rahul Sharma, Mark D. Okusa. Science in Renal Medicine: Regulatory T cells in acute 
kidney injury. Journal of the American Society of Nephrology. 24:1720-1726, 2013.  
DOI: 10.1681/ASN.2013050502 
 
 
Gilbert R. Kinsey, Liping Huang, Katarzyna Jaworska, Konstantine Khutsishvili, David A. Becker, Hong Ye, 
Peter I. Lobo, Mark D. Okusa. Autocrine adenosine signaling promotes regulatory T cell-mediated renal 
protection. Journal of the American Society of Nephrology. 23(9):1528-1537, 2012.  
DOI: 10.1681/ASN.2012010070 
 

https://dx.doi.org/10.4049/jimmunol.1400497
https://dx.doi.org/10.1681/ASN.2013050502
https://dx.doi.org/10.1681/ASN.2012010070


Natural	killer	cells	and	viral	immunity		
	

	

	
Dr.	Michael	G.	Brown	
Department	of	Medicine	
https://med.virginia.edu/faculty/faculty-listing/mgb4n/	

	

A	 major	 role	 of	 NK	 cells	 is	 to	 find	 and	 destroy	 virus-infected	 and	 cancer	 cells,	 without	
harming	 normal	 healthy	 cells	 in	 the	 body.	 Viruses	 and	 cancer	 cells,	 however,	 use	many	
strategies	 to	evade	and	escape	NK	cell	 immunity.	My	research	program	 investigates	how	
NK	cells	recognize	and	respond	to	viral	pathogens,	while	at	the	same	time,	viral	pathogens	
are	 working	 to	 escape	 NK	 cell	 control.	 Classical	 genetics	 approaches	 have	 been	 used	 to	
explore	how	genetic	diversity	shapes	and	regulates	NK	cells	and	their	ability	to	respond	to	
infection.	 Inasmuch	 as	 NK	 cells	 serve	 as	 a	 cornerstone	 of	 immune	 protection,	 they	 also	
regulate	other	immune	cells,	including	dendritic	cells	and	T	cells.		We	are	equally	interested	
to	 understand	 and	 investigate	 how	 NK	 cells	 control	 the	 initial	 priming	 and	 later	
differentiation	of	virus-specific	effector	T	cells.			

Student	Project:	

Probe	 the	genetic	basis	 for	NK	cell	 frequency	 control	and	 secondary	 lymphoid	organ	
(SLO)	structure	protection	in	the	spleen	during	viral	infection.		

We	 recently	 discovered	 several	 genetic	 factors	 that	 are	 required	 to	 expand	NK	 cells	 and	
protect	 SLO	 structure	 in	 spleen	 during	 MCMV	 infection.	 We	 hypothesize	 that	 greater	
expansion	of	NK	cells	 that	specifically	 recognize	 infected	 target	cells	also	promotes	more	
efficient	control	of	viral	spread,	and	better	overall	SLO	structure	protection.	This	expansion	
feature	may	be	intrinsic	to	the	NK	cells	themselves.		Alternately,	extrinsic	regulation	of	NK	
cell	 survival	may	be	essential.	The	project	will	 implement	various	mouse	genetic	models,	
molecular	 genetics,	 flow	 cytometry,	 immunofluorescence,	 immunohistochemistry,	 and	
other	relevant	techniques	to	explore	these	questions	in	depth.			

	
Cmv5-dependent	protection	of	SLO	structures	and	lymphoid	
remodeling	 in	 MA/My	 spleen	 during	 MCMV	 infection.	
Frozen	spleen	sections	obtained	from	uninfected	and	MCMV-
infected	 spleens	 of	 MA/My	 and	 related	 mice	 stained	 with	
fluorescence-conjugated	 mAbs	 against	 SIGN-R1+	 MZ	
macrophages,	 B220+	 B	 cells	 and	 CD3+	 T	 cells	 (magnification	
X100).	 Diminished	 SLO	 structural	 integrity	 is	 evident	 by	
comparison	 of	 WP	 and	 MZ	 regions,	 in	 addition	 to	 severe	
necrosis	apparent	in	RP	regions	of	spleens	from	the	different	
strains.		
	



Edward Perez-Reyes  

Professor of Pharmacology  

University of Virginia  

 

Background 
The major contribution of the Perez-Reyes laboratory has been on the molecular physiology 
and pharmacology of voltage-gated T-type calcium channels.  Our cloning of the T-channel 
family opened many doors on their biophysics, localization, role in neuronal excitability, and 
pharmacology. This work combined a wide array of techniques such as molecular cloning, 
electrophysiological recordings of whole cell and single channel currents, and confocal 
microscopy (reviewed in Perez-Reyes, 2003).  

Specific Aims 
Current work in the lab focuses on developing gene therapies for drug resistant epilepsies (Dey 
et al., 2014).  In these projects, we are using our experience in biotechnology to develop a novel 
gene therapy. If you join the lab, you will work on a project where we use gene therapy to treat 
seizures in rodent models of temporal lobe epilepsy.  You will learn how to perform surgeries, 
record and analyze seizures using electroencephalograms (EEG), and confocal microscopy to 
study the distribution of the gene therapy in the brain.  

Required skills and knowledge 
The most important criteria is a desire to work on a project that could lead to a cure for 
epilepsy. Therefore, we hope you are interested in neuroscience, working with animals, and 
learning surgical techniques.  Training young investigators is important to me, so you will also 
be trained in hypothesis-driven research, writing, and presentation skills. 

Selected references   
Perez-Reyes E (2003) Molecular physiology of low-voltage-activated T-type calcium channels. 

Physiol Rev 83:117-161. 
Eckle V-S, Shcheglovitov A, Vitko I, Dey D, Yap CC, Winckler B, Perez-Reyes E (2013) 

Mechanisms by which a CACNA1H mutation found in epilepsy patients increases 
seizure susceptibility. J Physiol (Lond). 

Dey D, Eckle V-S, Vitko I, Sullivan KA, Lasiecka ZM, Winckler B, Stornetta RL, Williamson JM, 
Kapur J, Perez-Reyes E (2014) A potassium leak channel silences hyperactive neurons 
and ameliorates status epilepticus. Epilepsia 55:203-213. 

 



Virus entry into cells 

  
 
 
 

 
 
Dr. Peter M. Kasson 
Molecular Physiology, Biological Physics and Biomedical Engineering 

http://faculty.virginia.edu/kassonlab/Research_Interests.html 
 

 
The Kasson laboratory works on physical mechanism in infectious disease, focusing on viral entry and 
highly drug-resistant bacteria.  Members of the lab form a diverse team with expertise in biochemistry, 
microbiology, chemistry, biomedical engineering, machine learning, and molecular simulation.  We seek 
a student with strong scientific and quantitative skills, scientific passion, and a sense of curiosity.  Prof. 
Kasson has previously mentored three students in the Visiting Student Program: one is now a PhD student 
at the University of Zurich, one is a researcher at the University of Virginia, and the third is finishing a 
research project in the laboratory and preparing for PhD programs.   
 
Project:  The visiting student will join our virus entry team, working to study influenza and related viruses.  
He or she will perform cell and virus culture, isolate virus and cellular components, biochemical 
modification of viruses, and also fluorescence and/or microscopy assays to measure entry.  We wish to 
measure how the virus interacts with cellular receptors, how membrane changes control this process, and 
how these physical changes act in the physiological context of the cell.  Cell culture experience i s a strong 
plus; background in biochemistry, quantitative cell biology, or biomedical engineering will also be useful.  
In addition to skills in the above areas, depending on the student’s background there may be opportunity 
to participate in other aspects of the project (microfluidics, electron cryo-microscopy, physical chemistry, 
computational analysis). 
 
 
 

 

http://faculty.virginia.edu/kassonlab/Research_Interests.html


 
 

Investigating the molecular mechanisms of HIV assembly and maturation 
and of anti-viral signaling pathways of the  
innate immune system  

 
 

 
 
 
 
 
 
 
 
 
 

 
 

The Pornillos and Ganser-Pornillos laboratories are investigating the molecular mechanisms of HIV assembly 
and maturation and of anti-viral signaling pathways of the innate immune system. 

 
Like most animal viruses, HIV undergoes a maturation process in order to become infectious. Maturation is 
triggered by the programmed operation of molecular switches – elements that change in structural configuration 

– that induce both local and global morphological changes in the virus capsid structure (Fig. 1). These switches 
are triggered by the viral protease, which is the target of inhibitors that are currently the most commonly used 

drugs to treat HIV/AIDS. We now have a very detailed understanding of the molecular structures of the 
immature and mature forms of HIV, or the start and end points of maturation. Ongoing projects now have the 
goal of understanding the pathway of maturation, and how small molecule inhibitors disrupt this process.  

 

 
Fig 1: Schematic diagrams of the immature and mature HIV-1 particles. Maturation is triggered by proteolysis of the immature 

Gag protein by the viral protease into the mature structural proteins (see middle panel of inset on the right). The viral protease is 

the target of the most commonly used anti-HIV drugs. 

Dr. Owen Pornillos 
Assistant Professor, Molecular Physiology and Biological Physics 

http://bims.virginia.edu/faculty/owen-pornillos/ 
 

Dr. Barbie Ganser-Pornillos 
Assistant Professor, Molecular Physiology and Biological Physics 
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We have also initiated new projects to test the general applicability of the principles of assembly and maturation 
that we have learned from HIV. In one project, we are using biochemistry, X-ray crystallography, and electron 

microscopy to analyze the structural proteins of murine leukemia virus and Mason-Pfizer monkey virus, in 
order to learn which assembly properties are shared with HIV and which ones are different. In a second project, 

we are using cell biology, biochemistry, X-ray crystallography, and cryoEM to study human proteins that are of 
retroviral origin. We are trying to understand how the assembly properties and other biochemical activities of 
these Gag-like proteins have been “domesticated” in order to facilitate novel functionalities in human cells.  

 
More information and links to publications may be found at the laboratory website: 

http://people.virginia.edu/~owp3a. 
 
Required Skills/Knowledge:  Students are expected to have a strong understanding of the basic principles of 

molecular biology and biochemistry. Laboratory experience in cloning, protein purification, and tissue culture 
techniques will be very desirable. Projects will be assigned based on availability and the student’s interests and 

skill sets. 
 
 

http://people.virginia.edu/~owp3a


Genome Instability in Human Disease 
 
 
 
Yuh-Hwa Wang, Ph.D. 
Associate Professor of Department of Biochemistry & Molecular Genetics 

http://bims.virginia.edu/faculty/yuh-hwa-wang/ 

 
 
 
 

Our research focus is to understand the structure and function of unusual DNA sequences in living cells, and 
how these sequences cause genome instability and lead to human diseases.  Dr. Wang have trained 21 
undergraduate students, 9 Ph.D. students and 8 postdoctoral fellows. Current projects are: 
 
1. Genome-wide DNA secondary structure analysis to investigate DNA fragility.  
DNA fragility generated by alternative secondary structures is a known cause of many human diseases, and can 
be affected by nucleotide sequences, cellular activities, and environmental exposures. We have developed a 
protocol can narrow down sites of true fragility within the current cytogenetically-defined fragile sites, and uncover 
potential new fragile sites previously unidentified or too small to be observed cytogenetically. The goal is to create 
a list of legitimate sites that are prone to DNA breakage caused by the secondary structure-forming 
mechanism(s), to evaluate genomic stress caused by endogenous and exogenous insults. 
 
2. Development of a DNA Test of Fragile Site Breakage as a Predictor of Susceptibility to Cancer-causing 
Rearrangements in Cancer 
This project, based on the preferential DNA breakage at specific sites which can initiate disease causing 
mutations, is to employ the fragility of gene regions as targets for new DNA tests to identify individuals at 
increased risk for diseases, to tailor therapeutic treatment and monitor treatment effects, or to screen 
environmental toxins and stress factors. Using a high-throughput sequencing platform coupled with ligation 
mediated polymerase chain reactions, we can identify and quantitate breaksites within preferentially fragile 
regions. Three fragile gene regions RET. MLL, and TMPRSS2 will be examined, which contribute to papillary 
thyroid carcinoma, acute myeloid leukemia, and prostate cancer, respectively. A high frequency of fragility at 
these regions will warrant close monitoring for diseases, using chemotherapy agents which cause less DNA 
breaks, as treatment, and re-classifying environmental toxins. 
 
3. DNA Repeat Expansion in Human Genetic Disease 
Over 30 human diseases, mostly neurological and muscular, are associated with expansion of repetitive DNA 
sequences. Repetitive DNA sequences have the ability to disrupt normal cellular processes such as replication 
and transcription. Two important questions need to be answered: what is the mechanism of expansion of triplet 
repeats?  And how does the expanded triplet repeat in each disease lead to clinical symptoms? We have shown 
by biochemical studies that these two repeating sequences form unusual chromatin structure. Our effort is on 
examining the role of chromatin structure in the pathology of these two diseases. Also, to investigate the 
mechanism of the expansion, we currently focus on the GGGGCC repeat expansion of C9orf72 found in patients 
with amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) to examine the effect of these 
sequence on DNA replication. 
 
Trainees in my laboratory will gain knowledge about chromatin biology, DNA repair, and cancer-causing gene 
rearrangements, and will develop expertise in cell culture, molecular biology techniques for proteins and 
nucleic acids, cytogenetic analysis, and electron microscopy. Highly motivated individuals with a background in 
molecular biology and biochemistry and knowledge of chromatin biology/DNA repair are encouraged to apply.  
Experience in human cell culture and basic molecular biology techniques is desired. 

 
 

http://bims.virginia.edu/faculty/yuh-hwa-wang/


Structural biology of viruses and membrane proteins 

 
Mark Yeager, PhD, MD,  
Professor of Molecular Physiology and Biological Physics 
 
At the basic science level, we are intrigued by 
questions at the interface between cell biology 
and structural biology: How do membrane 
proteins fold? How do membrane channels open 
and close? How are signals transmitted across a 
cellular membrane when an extracellular ligand 
binds to a membrane receptor? How do viruses 
attach to and enter host cells, replicate, and 

assemble infectious particles? To explore such problems, we use high-
resolution electron cryomicroscopy and computer image processing. 
With this approach, we can examine the molecular architecture of 
supramolecular assemblies such as membrane proteins and viruses. 

In electron cryomicroscopy, biological specimens are quick frozen in 
a physiological state to preserve their native structure and functional 
properties. A special advantage of this method is that we can capture 
dynamic states of functioning macromolecular assemblies, such as open 
and closed states of membrane channels and viruses actively transcribing 
RNA. Three-dimensional density maps are obtained by digital image 
processing of the high-resolution electron micrographs. The rich detail in 
the density maps exemplifies the power of this approach to reveal the 
structural organization of complex biological systems that can be related to functional properties of assemblies. 

Ongoing research projects include the structure analysis of (1) membrane proteins involved in cell-to-cell 
communication (gap junctions), water transport (aquaporins), ion transport (potassium channels), and 
transmembrane signaling; (2) viruses responsible for significant human diseases (HIV-1, hepatitis B [HBV], rotavirus, 
astrovirus); and (3) viruses used as model systems to understand mechanisms of pathogenesis (arenaviruses, 
reoviruses, nodaviruses, tetraviruses and sobemoviruses). Work in our laboratory will allow students to gain 
experience in the design of constructs for expression of membrane proteins in E. coli, Pichia pastoris and SF9 insect 
cells via baculovirus.  Metal affinity, ion-exchange and gel-filtration chromatography are used for purification.  
Detergents are screened to optimize the homogeneity and stability of the expressed protein.  Students will receive 
personal tutorials in electron microscopy for routine screening of samples by negative-stain EM.  Instruction will 
also be provide for preparation of frozen-hydrated specimens and the performance of electron cryomicroscopy.  
Depending on the duration of the rotation, students will pursue 2D and 3D crystallization trials for higher resolution 
structure analysis by electron and X-ray crystallography.  Data are analyzed using software packages such as EMAN, 
2DX and CCP4. 
Ganser-Pornillos, B., Yeager, M. , and Sundquist, W.I. The Structural Biology of HIV Assembly. Curr. Op. Struct. Biol. 

18: 203-217 (2008). 
Dryden, K.A., Coombs, K., and Yeager, M. Chapter 1. The Structure of Orthoreoviruses. In: Structure and Molecular 

Biology of Segmented Double-Stranded RNA Viruses, Patton, J., Ed. Horizon Scientific Press, Wymondham, 
Norfolk United Kingdom, pp. 3-25 (2007). 

Yeager, M. and Harris. A. L. Gap Junction Channel Structure in the Early Twenty-first Century: Facts and Fantasies. 
Curr. Op. Cell. Biol. 19: 521-528 (2007). 

Adair, B.D. and Yeager, M. Electron Microscopy of Integrins. Methods in Enzymol. 426: 337-373 (2007). 
 
Dr. Yeager supervised three students, two of whom are in graduate programs now (Univ of Basel and UVA). The 
third student is currently interviewing at several top scientific institutions in Germany 
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Project 1. Mechanism of Hyaluronan Biosynthesis  
              
Hyaluronan (HA) is a multifunctional, extremely long extracellular polysaccharide ubiquitously expressed in 
vertebrates, especially in the extracellular matrix (ECM) of soft connective tissues, Fig. 1.1 It is synthesized at 
the plasma membrane by a membrane-integrated processive glycosyltransferase (GT), the HA synthase (HAS). 
HA performs crucial functions in tissue homeostasis and integrity, affecting cell migration and adhesion, 
proliferation and differentiation.2,3 HAS knockout mice succumb before the onset of skeletal development, 
attesting to the importance of HA for proper fetal development. Accordingly, altered cell surface expression of 
HA correlates with a number of pathological conditions, including chronic inflammation and malignancies, and 
elevated HA levels are found in the ECM of human breast, lung, prostate, ovarian, renal and colon cancer cells.3 

 
Figure 1: HA is an essential component of the vertebrate ECM. (A) A rat chondrocyte with HA labeled green. 
The plasma membrane is shown in red and the surrounding red erythrocytes highlight the pericellular coat. The 
white arrow indicates the distance from the membrane in arbitrary units. (B) HAS is a processive GT 
containing 4-6 predicted TM-helices. While viral and eukaryotic HASs share the same TM topology, most 
bacterial HASs contain only 4 TM helices (dark blue). (C) Example of Streptococcus equisimilis cells 
surrounded by a HA capsule. Scale bar: 1µm, from: http://glycoforum.gr.jp/science/hyaluronan. 

 
HAS is a remarkable enzyme. It is a membrane-embedded enzyme that processively polymerizes UDP-
activated glucuronic acid (GA) and N-acetylglucosamine (NAG) in a strictly alternating sequence. Somehow, 
the enzyme knows that GA has to follow NAG and vice versa, but how the enzymes makes this decision is 
completely unknown to date. Similarly, after each elongation cycle, the enzyme translocates the polymer by one 
sugar unit through a pore formed by its own transmembrane region, Fig. 2. The source of the energy required 
for translocation and how the enzyme exerts force on the polymer are unresolved questions.     
 
Pathogenic bacteria produce HA as a thick non-immunogenic capsule to avoid host immune responses, Fig. 1C. 
In Gram-positives (primarily Streptococci species) a membrane-embedded glycosyltransferase synthesizes and 
translocates HA in a coupled reaction (as described above). Our initial results demonstrate that purified and 
reconstituted bacterial HAS is catalytically active and suffices to translocate the HA polymer across the lipid 
membrane.4 Further, we demonstrated that HAS dimerizes in a native lipid environment and that dimerization is 
required for catalytic activity (manuscript in preparation). Thus, we speculate that a HAS dimer forms a 
transmembrane (TM) channel at the complex interface and that the two active sites (one contributed by each 
protomer) bind the substrates UDP-GA or –NAG, depending on the last sugar incorporated into the HA 



polymer, Fig. 2).   

 
Figure 2: Model of hyaluronan synthesis and membrane translocation.4 
 
We are interested in determining the structure of a catalytically active HAS complex, either by X-ray 
crystallography or electron microscopy. To this end, we will employ mild detergent extraction of inverted 
membrane vesicles obtained from E. coli over-expressing Streptococcus equisimilis HAS. We already know 
that solubilization in the detergent digitonin results in catalytically active HAS complexes and we seek to 
analyze these complexes structurally.      
    
This project includes membrane protein expression and purification, biochemical characterization, 
crystallization, as well as electron microscopy analyses. The project is part of a larger effort to characterize the 
mechanisms of HA biosynthesis in bacteria, viruses, and vertebrates.    
 
 
 
 
Selected references: 
 
(1) Weigel, P. H. & Deangelis, P. L. Hyaluronan synthases: a decade-plus of novel glycosyltransferases. J. Biol. 
Chem. 282, 36777-36781 (2007). 
 
(2) Girish, K. S. & Kemparaju, K. The magic glue hyaluronan and its eraser hyaluronidase: a biological 
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the synthesis and membrane translocation of hyaluronan. J. Mol. Biol. 418, 21-31 (2012).  
 
 



Project 2. Biosynthesis and Membrane Translocation of Capsular Polysaccharides    
 
Many microbial pathogens and symbionts produce capsular polysaccharides (CPS) that form thick protective 
layers on the cell surface.1 These capsules modulate interactions with the environment, aid in avoiding host 
immune responses, and form potent virulence factors. CPS are usually anchored to the cell surface via modified 
lipids attached to their ‘reducing end’. Examples of encapsulated pathogens include E. coli K1 (the major cause 
of neonatal meningitis), Neisseria meningitidis (group B capsule), Haemophilus influenzae serotype B, and 
Moraxella nonliquefaciense, frequently causing endocarditis and sepsis. 
 
CPS biosynthesis requires various soluble and membrane-attached enzymes that initiate synthesis, elongate the 
polymer, and terminate elongation.1 The synthesized polymers can be hundreds of sugar units long and are 
exported by a multi-component machinery. This 'exporter' consists of an ABC transporter in the inner 
membrane, an inner membrane-anchored periplasmic subunit, and a large outer membrane protein, Fig. 1A and 
B.1 As such, CPS translocation machineries might resemble bacterial Type 1 secretion systems.  
 
We are interested in determining the mechanism by which bacteria produce polysaccharide capsules, with a 
particular focus on polymer biosynthesis and membrane translocation. To establish a model system for 
structural and functional analyses, we will engineer hyaluronan (HA) capsule formation (normally formed by 
Pasteurella multocida) in a laboratory E. coli strain.  
To this end, all Pasteurella components required for HA biosynthesis and secretion will be expressed in E. coli 
from chemically synthesized genes. The expressed proteins will be individually tagged for detection and 
purification to allow detailed biochemical and biophysical characterizations.  
We are particularly interested in the translocation of CPS across the inner and outer bacterial membrane, Fig. 
1B. This process is facilitated by an ABC transporter (HexA and B) that likely partners with a “membrane 
fusion protein” (HexC) that is anchored to the inner membrane as well as a large (most likely octameric) subunit 
in the outer membrane (HexD). After functional reconstitution of HA capsule formation in E. coli, we will 
isolate HexABCD complexes from these cells for structure determination by electron microscopy and/or X-ray 
crystallography. 
It is also likely that the HA translocation machinery directly interacts with the biosynthesis components, in 
particular HyaD (the HA synthase).3 Thus, we will analyze the formation of supramolecular complexes 
involving the ABC transporter and HyaD via co-immunopurification and cross-linking studies as well as 
isothermal calorimetry with the individually purified components.  
 

 
Figure 1: Capsular HA biosynthesis.  A: Genes involved in HA biosynthesis in P. multocida are organized 
into three gene cluster, colored black, green and blue, respectively. The predicted localizations and TM 
topologies of the gene products are shown in the upper panel. Known or predicted (?) functions of the 
encoded proteins are indicated in the bottom panel.  B: Putative assembly of the core components.  C: 
Electron micrograph of encapsulated P. multocida (capsule surrounded by a dashed line).2,4 

      
This project provides in-depth insights into the biosynthesis and membrane translocation of complex 
carbohydrates. We will first establish an in vivo model system that will be used to isolate sub-complexes of the 
biosynthetic machinery for detailed analyses. Techniques employed will include membrane protein expression, 
purification, and biochemical characterization, as well as X-ray crystallography and electron microscopy.   
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Project 3. Isolating stalled Type-I Secretion System Intermediates for Structural Analyses        
     
Bacteria developed a diverse array of secretion systems to export proteins and nucleic acids to the cell periphery 
or even to inject these factors into host cells.1 Protein secretion is a key virulence mechanism among pathogens. 
Examples of secreted proteins include pore forming toxins, proteases, and adhesion molecules. Overall, the 
secreted ‘effectors’ aid in, for example, outcompeting competitors, facilitating host uptake, manipulating 
immune responses, and preventing apoptosis.2  
At least seven different bacterial secretion systems have been identified to date. The Type I secretion system 
(Type1SS) translocates unfolded toxins and other virulence factors across the cell envelope.3 This secretion 
system is widespread among pathogens, including uropathogenic and hemorrhagic E. coli, Bordetella pertussis, 
Vibrio cholerae, and Pasteurella aerogenes. Recurring outbreaks of these pathogens, for example E. coli 
contaminations in the food industries, pose a severe threat to human health, in particular among children and 
older or immuno-compromised individuals.  
Type1SS consist of an inner membrane-integrated ABC transporter (PrtD), a periplasmic ‘membrane fusion 
protein’ (PrtE) anchored to the inner membrane, and a porin in the outer membrane (PrtF),4 Fig. 1. While PrtE 
and PrtF likely facilitate translocation across the periplasm and outer membrane, the ABC transporter PrtD 
recognizes the toxin’s C-terminal secretion signal, forms a pore across the inner membrane, and energizes 
translocation. Type1SS substrates can be particularly large, ranging from 40 to >900kDa in molecular weight.  
 
ABC transporters contain a cytosolic nucleotide-binding domain (NBD) that either associates with or is fused to 
a transmembrane (TM) region. During ATP binding and hydrolysis at the NBDs, the TM region of ‘classical’ 
ABC im- and exporters alternates between inward and outward open conformations, which allows substrate 
binding and release on opposite sides of the membrane. However, because Type1SS substrates are so large, it is 
unlikely that their transporters function by a classical ‘alternating access’ model. Instead, a processive 
mechanism seems more likely in which the transporter undergoes several rounds of ATP hydrolysis to push the 
substrate through a channel formed by its TM domain.  

 

 
Figure 1: Organization of the Type 1 Secretion System. Left panel: The 
Type1SS contains a homodimeric ABC transporter (PrtD), comprising a 
nucleotide binding (NBD) and transmembrane (TMD) domain. A 
periplasmic subunit (PrtE) and an outer membrane porin (PrtF) establish 
substrate translocation across the outer membrane. Type1SS substrates 
can be up to 900 kDa in molecular weight. Translocation begins at the 
substrate’s C-terminal end. OM, IM: Outer and inner membrane. Right 
panel: Crystal structure of A. aeolicus PrtD in an ADP-bound state. The 
homodimer subunits are colored red and green.  

 
We recently determined the crystal structure of PrtD from Aquifex aeolicus, Fig. 1 and accepted for publication 
in ‘Structure’, whose likely substrate is a lipase. In addition, we established an in vivo model system for toxin 
secretion by expressing the entire T1SS from Dickeya dadantii (consisting of PrtD, -E, and –F, as well as the 
PrtG substrate) in E. coli. This system secretes the PrtG substrate into the culture medium if all T1SS complex 
components are expressed, Fig. 2A.  
 
Our goal is to trap and purify T1SS translocation intermediates for structural analyses. A stalled translocation 
intermediate would contain the inner and outer membrane-spanning PrtDEF complex as well as a translocating 
polypeptide inside the T1SS. We will stall translocation by inserting a stably folded domain at the N terminus of 
the translocation substrate, which will function as a ‘roadblock’ during secretion, Fig. 2C.  
Figure 2A shows that we can form a functional Type1SS in E. coli upon co-expressing the individually tagged 
D. dadantii PrtD, -E, and –F components together with the PrtG substrate. In these assays, PrtG is detected in 
the medium by Western blotting against an engineered Myc-tag at its C terminus. The C terminus of PrtG folds 
and binds calcium in the extracellular environment, thereby preventing backsliding during translocation.  



 

 
Figure 2: Secretion of D. dadantii PrtG. A: Time-course of PrtG secretion from E. coli cells expressing the 
indicated T1SS components. Increasing times represent 1, 2, 3, 4 hrs post induction. Top, Western blot for 
Myc–tagged PrtG in the media. Bottom, Western blot for Myc–tagged PrtG in the cell pellet. Right panel: PrtG 
secretion into the media after 18 hrs of induction. The expressed Type1SS components are indicated under each 
lane. PrtDwalker: PrtD-E492Q able to bind but not hydrolyze ATP. B: Western blots detecting the S-, His-, and 
FLAG-tagged PrtD, -E, and -F in the cell pellet, respectively. C: Trapping a stalled T1SS translocation 
intermediate. The PrtG substrate will be N-terminally fused to GFP to sandwich the PrtDEF complex between 
stably folded domains. 
 
To stall T1SS-mediated translocation, we will fuse a stably folded domain to PrtG’s N terminus, such as 
superfolder-GFP. Co-expression of the Type1SS components and the engineered substrate is expected to 
produce stalled translocation intermediates, which can be isolated from the membrane fraction by standard 
membrane protein purification techniques. Importantly, the engineered Myc-tag at the substrate’s C-terminus 
allows immuno-purification using anti-Myc agarose.  
 
Our ability to structurally characterize large protein complexes has dramatically improved over the last 4-6 
years. Cryo electron microscopy underwent a revolution in obtainable resolution, owing to the development of 
direct electron detectors. Due to its size and expected overall shape, the Type1SS is an excellent target for 
structure determination by cryo EM.   
 
This project will include optimizing the T1SS translocation substrate for optimal trapping of translocation 
intermediates, developing a purification strategy to isolate trapped T1SS, and electron microscopy analysis of 
the purified complexes.  
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