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A. Personal Statement 
My research interests are focused on the basic mechanisms that underlie the formation and function of 
synapses in the central nervous system in health and disease. Since its inception, our laboratory has 
uncovered several novel facets of synaptic transmission, synapse formation as well as synapse maturation in 
the CNS. The key contribution of our research is the demonstration that spontaneous and evoked 
neurotransmission processes are segregated both in their presynaptic origins and postsynaptic targets. Our 
work has identified spontaneous neurotransmission as an autonomous neuronal signaling pathway 
independent of action potential-evoked synaptic transmission. In the last decade, we used imaging and 
electrophysiological approaches as well as molecular tools to pursue this novel signaling mechanism on both 
sides of the synapse. We developed tools to visualize trafficking of multiple synaptic vesicle proteins 
simultaneously within individual synapses. We also identified molecular markers that identify distinct synaptic 
vesicle pools and used this information to selectively manipulate spontaneous release events and to 
investigate their impact on neuronal signaling. In addition, we addressed medical implications of our findings 
with the identification of spontaneous neurotransmission-dependent signal transduction mechanisms that may 
underlie rapid antidepressant action. We have also begun to elucidate how spontaneous release events shape 
neuronal signaling in intact brain circuits, how they regulate behavior and how they impact disease states. Our 
extensive experience in the analysis of neurotransmission also provides a unique opportunity to uncover 
synaptic mechanisms altered by disease states and to identify potential targets for therapeutic interventions.  
 
B. Positions and Honors 
Positions  
1999-2005 Assistant Professor and Effie Marie Cain Scholar in Medical Research Center for Basic 

Neuroscience and the Department of Physiology, UT Southwestern Medical Center 
2005-2010 Associate Professor and Effie Marie Cain Scholar in Medical Research, the Department of 

Neuroscience and the Department of Physiology, UT Southwestern Medical Center 
2008-2016   Chair, Graduate Program in Neuroscience, Division of Basic Science, UT Southwestern Medical      

Center 
2010-2018 Professor and Effie Marie Cain Scholar in Medical Research, the Department of Neuroscience 

and the Department of Physiology, UT Southwestern Medical Center 
2011-2018  Rosewood Corporation Chair in Biomedical Science, UT Southwestern Medical Center 
2018- present Professor, the Department of Pharmacology, Vanderbilt University 
2018-2019  Vice Chair for Research, the Department of Pharmacology, Vanderbilt University 
2018- present William Stokes Chair in Experimental Therapeutics, Vanderbilt University 



 

2019- present Acting Chair, the Department of Pharmacology, Vanderbilt University 
2019- present Professor, the Department of Biological Sciences, Vanderbilt University 
Honors and Service (selected) 
1986    “İş Bank” Award (for ranking 20th in 1986 Turkish University Entrance Examinations)  
1990    Graduating with Honors, Bogaziçi University, Istanbul, Turkey 
1996    American Heart Association California Affiliate Postdoctoral Fellowship 
1999    Effie Marie Cain Scholar in Medical Research, UT Southwestern Medical Center at Dallas 
2006    American Heart Association Established Investigator Award 
2007-2008            Member, Biophysical Society, Exocytosis/Endocytosis Subgroup Council 
2008-2013   Associate Editor, The Journal of Neuroscience 
2009-2012   Member, Society for Neuroscience Program Committee 
2011- 2018  Member, Promotions and Tenure Committee, UT Southwestern Medical Center 
2011- 2016 Member, Neurotransporters, Receptors, and Calcium Signaling study section (NTRC), NIH 

Center for Scientific Review 
2016- 2017 Chair, Neurotransporters, Receptors, and Calcium Signaling study section (NTRC), NIH 

Center for Scientific Review 
2011-present  Member, Faculty of 1000 
2013- 2019  Reviewing Editor, The Journal of Neuroscience 
2013- present Member Advisory Board, SFB 1089 Synaptic Microcircuits, University of Bonn Medical 

Center, Bonn, Germany 
2013    NARSAD Distinguished Investigator Award (Brain & Behavior Research Foundation) 
2014- present  Member of Editorial Board, Synapse 
2014, 2018  Ad Hoc Member, Board of Scientific Councilors, NINDS 
2014, 2016   Vice Chair/Chair, Gordon Research Conference on Synaptic Transmission 
2015    Shizhang Bei Lecture, Institute of Biophysics, Chinese Academy of Sciences, Beijing, China 
2015    Special Lecture, Society for Neuroscience Meeting, Chicago 
2017 Swammerdam Lecture, Graduate School Neurosciences Amsterdam, Vrije Universiteit, 

University of Amsterdam and the Netherlands Institute for Neuroscience, Amsterdam, The 
Netherlands 

2017 Associate Editor, Journal of Neuroscience Research Special Issue on Spontaneous 
Neurotransmission 

2018- present  Member of Editorial Board, Journal of Neuroscience Research 
2018    Award for Excellence in Postdoctoral Mentoring, UT Southwestern Postdoctoral Association 
2019    Michael C. Wilson Memorial Lecture, University of New Mexico 
2019    Humboldt-Forschungspreis, Alexander von Humboldt Foundation 
2020    Plenary Lecture, the Korean Society for Brain and Neural Sciences Annual Meeting 
 
C. Contribution to Science (as an Independent Investigator) 
1. Segregation of spontaneous and action potential evoked neurotransmission. Our group has been 
examining the mechanism and function of spontaneous neurotransmission since its inception. We initially 
focused on the classical assumptions underlying the analysis of spontaneous neurotransmitter release as a 
reporter for unitary properties of evoked neurotransmission. The findings from this work showed that 
spontaneous release is driven by a vesicle population that preferentially recycles at rest independently of the 
vesicle pool that drives action potential evoked release. In parallel studies, we demonstrated that spontaneous 
glutamate release activates a distinct set of postsynaptic receptors compared to evoked release, which may 
explain why spontaneous release events are privileged to elicit signaling pathways that maintain synaptic 
homeostasis. Studies from our group have recently shown that the heterogeneous distribution of synaptic 
vesicle associated SNARE proteins underlies the functional diversity among synaptic vesicles.  In particular, 
we identified alternative SNAREs vti1a and VAMP7 as key contributors to spontaneous neurotransmission and 
also showed how these SNAREs can be selectively targeted by neuromodulators, such as Reelin, leading to 
specific rapid enhancement of spontaneous neurotransmitter release without affecting properties of evoked 
neurotransmission. 
 
a. Sara Y, Virmani T, Deák F, Liu X., Kavalali ET (2005). An isolated pool of vesicles recycles at rest and 
drives spontaneous neurotransmission. Neuron 45: 563-573 



 

b. Atasoy D, Ertunc M, Moulder KL, Blackwell J, Chung C, Su J, Kavalali ET (2008). Spontaneous and 
evoked glutamate release activates two populations of NMDA receptors with limited overlap. The Journal of 
Neuroscience 28: 10151-10166. 
c. Ramirez DMO, Khvotchev M, Trauterman B, Kavalali ET (2012). Vti1a identifies a vesicle pool that 
preferentially recycles at rest and maintains spontaneous neurotransmission. Neuron 73:121-134. 
d. Crawford DC, Denise M.O. Ramirez DMO, Trauterman B, Monteggia LM, Kavalali ET (2017) Selective 
molecular impairment of spontaneous neurotransmission modulates synaptic efficacy. Nature Communications 
8:14436. 
 
2. Mechanisms underlying synaptic vesicle fusion and synaptic vesicle recycling. We investigated the 
role of synaptobrevin (also called VAMP), a major vesicle associated SNARE protein critical for fusion, and 
discovered its essential role in coupling synaptic vesicle exocytosis and retrieval. Our work has also suggested 
that an alternative vesicular SNARE protein VAMP4 specifically marks a pool of synaptic vesicles that give rise 
to evoked asynchronous neurotransmitter release. We demonstrated that neurotransmission is not sustained 
by release of vesicles from a large reservoir but by constant reuse of a handful of vesicles. We also showed 
that synaptic vesicle reuse is a highly plastic and dynamically regulated process that potently impacts synaptic 
transmission during repetitive activity. Our work revealed that Ca2+ entry during single synaptic vesicle fusion 
acts to slow subsequent synaptic vesicle endocytosis. Recently, we also succeeded in imaging spontaneous 
single vesicle fusion events thus providing direct insight into the segregation of spontaneous and evoked 
neurotransmitter release mechanisms at the level of single synaptic vesicles.  
 
a. Deák F, Schoch S, Liu X, Südhof TC, Kavalali ET (2004). Synaptobrevin is essential for fast synaptic 
vesicle endocytosis. Nature Cell Biology 6: 1102-1108.    
b. Raingo J, Khvotchev M, Liu P, Darios F, Li YC, Ramirez DMO, Adachi M, Lemieux P, Toth K, Davletov B, 
Kavalali ET (2012). VAMP4 directs synaptic vesicles to a pool that selectively maintains asynchronous 
neurotransmission. Nature Neuroscience, 15:738-745. 
c. Leitz J, Kavalali ET (2014). Fast retrieval and autonomous regulation of single spontaneously recycling 
synaptic vesicles. eLife, 10.7554/eLife.03658 
d. Li YC, Chanaday NL, Xu W, Kavalali ET (2017) Synaptotagmin-1 and synaptotagmin-7-dependent fusion 
mechanisms target synaptic vesicles to kinetically distinct endocytic pathways. Neuron 93:616-631. 
 
3. Synapse maturation and the role of synaptic cell adhesion molecules in synaptogenesis. We spent 
significant effort to elucidate the molecular basis of synapse maturation and synaptogenesis. Our group 
significantly contributed to the current models on how synaptic cell adhesion molecules such as SynCAM and 
neuroligin regulate synapse assembly and maintenance. In particular, we showed that expression of synaptic 
cell adhesion molecules, SynCAM and neuroligin, in non-neuronal as well as neuronal cells was sufficient for 
full functional assembly of presynaptic terminals within incoming axons. 
 
a. Mozhayeva MG, Sara Y, Liu X, Kavalali ET (2002). Development of vesicle pools during maturation of 
hippocampal synapses. The Journal of Neuroscience 22: 654-665. 
b. Biederer T, Sara Y, Mozhayeva M, Atasoy D, Liu X, Kavalali ET, Südhof TC (2002). SynCAM, a synaptic 
adhesion molecule that drives synapse assembly. Science 297:1525-1531. 
c.  Sara Y, Biederer T, Atasoy D, Chubykin A, Mozhayeva MG, Südhof TC, Kavalali ET (2005). Selective 
capability of SynCAM and Neuroligin for functional synapse assembly. The Journal of Neuroscience 25: 260-
270 
d.  Chubykin AA, Atasoy D, Etherton MR, Brose N, Kavalali ET, Gibson JR, Südhof TC (2007). Activity-
dependent validation of excitatory versus inhibitory synapses by Neuroligin-1 versus Neuroligin-2. Neuron 54: 
919-931. 
 
4. Signaling from the nucleus to the synapse. Rett Syndrome is a neurodevelopmental autism spectrum 
disorder that arises from mutations in the methyl-CpG-binding protein-2 (MeCP2) gene. MeCP2 is a 
transcriptional repressor that silences methylated genes. In collaboration with Dr. Lisa Monteggia’s laboratory, 
we identified synaptic deficits associated with the loss of MeCP2 in hippocampal neurons, suggesting a 
synaptic basis for the neurological symptoms associated with Rett Syndrome. As a continuation of this work, 
we investigated the role of histone deacetylases and DNA methylation, two mechanisms that impact MeCP2-
dependent gene regulation, in controlling synaptic function. Recently, we expanded this analysis to MeCP2 



 

duplication syndrome by analyzing a mouse model of MeCP2 gain-of-function and uncovered key synaptic 
alterations in the opposite direction of MeCP2 loss-of-function that nevertheless give rise to neurological 
deficits. 
 
a. Nelson ED, Kavalali ET, Monteggia LM (2006). MeCP2-dependent transcriptional repression regulates 
excitatory neurotransmission. Current Biology 16: 710-716. 
b. Nelson ED, Kavalali ET*, Monteggia LM* (2008). Activity-dependent suppression of miniature 
neurotransmission through the regulation of DNA methylation. The Journal of Neuroscience 28: 395-406 
(*Corresponding Authors). 
c. Akhtar MW, Raingo J, Nelson ED, Montgomery RL, Olson EN, Kavalali ET*, Monteggia LM* (2009). 
Histone deacetylases 1 and 2 form a developmental switch that controls excitatory synapse maturation and 
function. The Journal of Neuroscience 29: 8288-8297 (*Corresponding Authors). 
d. Na ES, Nelson ED, Adachi M, Autry AE, Mahgoub MA, Kavalali ET, Monteggia LM (2012). A mouse model 
for MeCP2 duplication syndrome: MeCP2 overexpression impairs learning and memory and synaptic 
transmission. The Journal of Neuroscience 32:3109-3117. 
 
5. Mechanisms underlying rapid antidepressant action by NMDA receptor blockers. 
Our recent work in collaboration with the laboratory of Dr. Lisa Monteggia indicates that blockade of 
spontaneous NMDA receptor mediated synaptic events, but not evoked neurotransmitter release, deactivates 
eukaryotic elongation factor 2 (eEF2) kinase, resulting in reduced eEF2 phosphorylation and de-suppression of 
dendritic protein translation (in particular of BDNF), which in turn mediates the rapid antidepressant action of 
the NMDA receptor blocker ketamine in vivo. This mechanism can also explain why memantine, a clinically 
used NMDA receptor blocker, does not elicit a rapid antidepressant response as memantine, compared to 
ketamine, shows reduced efficacy in blocking spontaneous NMDA receptor mediated synaptic events in 
physiological levels of Mg2+. Our studies also showed that the effect of NMDA receptor blockers on synaptic 
plasticity can be mimicked by acute selective suppression of spontaneous release via application of a vacuolar 
ATPase blocker at rest to deplete neurotransmitter from spontaneously recycling vesicles. This result implies 
that selective presynaptic impairment of spontaneous release, without alterations in evoked neurotransmission, 
is sufficient to elicit postsynaptic signaling. 
 
a. Autry AE, Adachi M, Nosyreva E, Na ES, Los MF, Cheng PF, Kavalali ET*, Monteggia LM* (2011). NMDA 
receptor blockade at rest triggers rapid behavioural antidepressant responses. Nature 475:91-95 
(*Corresponding Authors). 
b. Nosyreva E, Szabla K, Autry AE, Ryazanov AG, Monteggia LM, Kavalali ET (2013). Acute suppression of 
spontaneous neurotransmission drives synaptic potentiation. The Journal of Neuroscience, 33:6990-7002. 
c. Reese AL, Kavalali ET (2015). Spontaneous neurotransmission signals through store-driven Ca2+ 
transients to maintain synaptic homeostasis. eLife, 10.7554/eLife.09262. 
d. Suzuki K, Nosyreva E, Hunt KW, Kavalali ET, Monteggia LM (2017) Effects of a ketamine metabolite on 
synaptic NMDAR function. Nature, 546: E1-E3. 
 
Complete List of Published Work in MyBibliography:    
http://www.ncbi.nlm.nih.gov/sites/myncbi/ege.kavalali.1/bibliograpahy/41143974/public/?sort=date&direction=a
scending 
 
D. Additional Information: Research Support  
5R01MH066198-19 NIMH (Kavalali, PI) 12/01/2003-01/31/2024  
Role of SNARE Interactions in Central Synapse Function 
The major goal of this project is to determine the role of SNARE proteins and their molecular interaction 
partners in synaptic vesicle fusion and endocytosis. 
Role: PI 
 
1RF1AG055577-04 NIA (Bezprozvanny and Kavalali, MPIs) 03/01/2017-02/28/2022  
Calcium Signaling and Synaptic Maintenance in Alzheimer’s Disease 
The broad, long-term objective of this multi-PI grant application is to understand the importance of calcium 
signaling for synaptic spine dysfunction and loss in Alzheimer's disease. 
Role: multi-PI 


