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Brett Abrahams
Genetics/Neuroscience
Assistant Professor

My work is aimed towards understanding how disorders of human cognition, and
the Autism Spectrum Disorders (ASDs) in particular, are influenced by genetic
variation. Defined entirely in terms of behavior, the ASDs represent a unique class
of clinical conditions involving deficits in language use, impaired social behavior,
and a circumscribed range of interests.
Work in my lab employs a blend of molecular genetics and developmental neuro-
biology to identify disease-related genes and understand how they operate func-
tionally. Drawing on both hypothesis-based and discovery-driven methodologies,
we have multiple studies directed focusing on Contactin-Associated Protein-like 2
(CNTNAP2). In addition to the potential importance of this molecule to ASD
biology, we and others have obtained data to support a role for this gene in relat-
ed disorders of cognition including specific language impairment, intellectual dis-
ability, and schizophrenia. And so our findings from cell, mouse, and human-
based systems are likely to be of broad interest.
Looking forward, we will direct substantial effort towards understanding how
individual molecular variants work alongside one another to modulate risk. New
insights around how seemingly distinct molecules converge to shape disease-relat-
ed processes will prove important in the development of potential therapeutics.
Abrahams, B.S., (2011) Many roads to the Autism Spectrum Disorders. Neuropsychology of Autism. Ed.
D. Fein. Oxford Univ Press.
Abrahams BS. (2011) Syndromic vs. Idiopathic ASCs. Autism Spectrum Conditions: International
Experts answer your Questions on Autism, Asperger syndrome and PDD-NOS. Eds. Hallmayer and
Boelte. Hogrefe Press.
Peñagarikano O, Abrahams BS, Herman EI, Winden KC, Gdalyahu A, Dong H, Sonnenblick LI, Gruver R,
Almajano J, Bragin A, Trachtenberg JT, Peles E, Geschwind DH. (2011) Absence of CNTNAP2 in mice
leads to epileptic seizures, ASD-related behavior and atypical neuronal network functioning. In Press
at Cell.
Abrahams, B.S., & Geschwind D.H. (2010) Genetics of Autism. Human Genetics: Problems & Approaches.
Eds. Speicher, Antonarakiso, and Motulsky. 4th Ed. Springer-Verlag. [ISBN: 9783540376538]
The Autism Genome Project Consortium. (2010) Functional impact of global rare copy number varia-
tion in autism spectrum disorders. Nature. Jun 9.
The Autism Genome Project Consortium. (2010) A genomewide scan for common alleles affecting risk
for autism. Hum Mol Genet. Jul 27. [PMID: 20663923].
Scott AA, Abrahams BS, Alvarez-Retuerto AI, Sonnenblick LI, Rudie J, Ghahremani D, Mumford J,
Poldrack RA, Dapretto M, Geschwind DH, Bookheimer SY. (2010) Altered Functional Connectivity with-
in the frontal lobe of brain associated with Variation in CNTNAP2. Science Translational Medicine
3;2(56):56ra80. [PMID: 21048216].
Wang, K.*, Zhang, H.*, Ma, D.Q.*, Bucan, M., Glessner, J.T., Abrahams, B.S., thirty-nine additional authors,
Bucan, M.*, Abrahams, B.S.*, Wang, K.*, thirty-one additional authors, Geschwind D.H., and
Hakonarson, H. (2009) Genome-wide analyses of exonic copy number variants in a family-based study
point to novel autism susceptibility genes. * Contributed Equally. PLoS Genetics, 5(6): e1000536. [PMID:
19557195]
Alarcón, M.*, Abrahams, B.S.*, Stone, S.L., Duvall, J.A., Perederiy, J.V., Bomar, J.M., Sebat, J., Wigler, M.,
Martin, C.L., Ledbetter, D.H., Nelson, S.F., Cantor R.M., Geschwind, D.H. (2008) Linkage, association and
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gene expression analyses identify CNTNAP2 as an autism susceptibility gene. *Contributed Equally.
American Journal of Human Genetics 82:150–159. [PMID: 8179893].
Abrahams, B.S. and Geschwind, D.H. (2008) Advances in autism genetics: on the threshold of a new
neurobiology. Nature Reviews Genetics 9:341–355 [PMID: 18414403]
Vernes, S.C., Newbury, D.F., Abrahams, B.S., Winchester, L., Nicod, J., Groszer, M., Alarcón, M., Oliver, P.L.
Davies, K.E, Geschwind, D.H. Monaco, A.P., Fisher, S.E. (2008) A functional genetic link between distinct
developmental language disorders. New England Journal of Medicine 359(22):2337–2345 [PMID:
18987363].
Abrahams, B.S., Tentler D.*, Perederiy, J.V.*, Oldham, M.C., Coppola, G., Geschwind, D.H. (2007)
Genomewide analyses of human peri-sylvian cerebral cortical patterning. *Contributed Equally.
Proceedings of the National Academy of Sciences 104:17849–54. [PMID: 17978184].
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Myles Akabas
Physiology & Biophysics/Neuroscience
Professor

Neurotransmitter-gated ion channels are essential components in synaptic trans-
mission. Our work focuses on the GABAA receptor and related members of the
Cys-loop receptor neurotransmitter-gated ion channel superfamily.
GABAA receptors are members of a gene superfamily that includes receptors for
glycine, acetylcholine, and serotonin. GABAA receptors are the major inhibitory
post-synaptic neurotransmitter receptor in the central nervous system. They are
targets for drugs used clinically in the treatment of anxiety and epilepsy, and for
general anesthesia. Our goals are to understand the structural bases for the func-
tional properties of this channel superfamily and to understand the molecular
interactions by which drug binding modulates structure and channel activity. We
use a combination of techniques including site-directed mutagenesis, heterolo-
gous expression, covalent chemical modification and electrophysiology. These
studies have identified the residues lining the channel, the location of channel
blocker binding sites and identified conformational changes occurring during
channel gating and modulation by drugs including valium and propofol. Recent
work has focused on the role of the large intracellular loop between the M3 and
M4 transmembrane segments in channel function and trafficking.
Bali, M. and Akabas, M.H. (2012) Gating induced conformational rearrangement of the GABAA recep-
tor beta-alpha subunit interface in the membrane-spanning domain. J. Biol. Chem. 287:27762–70.
Collins, B., Kane, E.A., Reeves, D.C., Akabas, M.H. and Blau, J. (2012) Balance of activity between LNvs
and glutamatergic dorsal clock neurons promotes robust circadian rhythms in Drosophila. Neuron
74:706–718.
Parikh, R., Bali, M., and Akabas, M.H. (2011) Structure of M2 transmembrane segment of GLIC, a
prokaryotic Cys-loop receptor homologue from Gloeobacter violaceus, probed by substituted cysteine
accessibility. J. Biol. Chem. 286:14098–14109.
McKinnon, N.*, Reeves, D.C.* and Akabas, M.H. (2011) 5-HT3 receptor ion size selectivity is a property
of the transmembrane channel not the portals to the cytoplasmic vestibule. J. Gen. Physiol.
138:453–466. (*contributed equally)
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Joseph Arezzo
Neuroscience/Neurology
Professor

Our laboratory applies a variety of neurophysiologic techniques to explore normal
and altered function in animal models and human clinical research. Experimental
procedures include EEG, evoked potentials, ensemble and single unit recordings,
current source density, and measures of whole nerve conduction velocity. Recently
we have focused on developing sensitive biomarkers for the onset and progression
of toxic neuropathies and seizure disorders. We have studied transgenic and
mutant mice, models of diabetic neuropathy, compound-induced seizures, and
demyelinating and iatrogenic deficits of central and peripheral nerve function. In
parallel, we have participated in the “translation” of basic neuroscience principles
to human clinical studies. We are currently involved in the design and conduct of
multicenter Phase 1–4 clinical trials of experimental therapies intended to reduce
or prevent diabetic and chemotherapy-induced neuropathies, to improve the
treatment of chronic inflammatory demyelinating polyneuropathy, to explore
treatment for ALS, and to monitor the modulation of pain. In this latter capacity,
we have worked with the Centers for Disease Prevention and Control, the
Environmental Protection Agency, the National Institute of Occupational Safety
and Health and numerous pharmaceutical and biotechnology companies.
Antoine, M.W., Hübner, C.A., Arezzo, J.C. and Hébert, J.M. A causative link between inner ear defects
and long-term striatal dysfunction, Science, in press.
Arezzo, J.C., Seto, S. and Schaumburg, H.H. Sensory-Motor Assessment in Clinical Research Trials.
Handbook of Clinical Neurology, Vol. 115, (3rd series) Peripheral Nerve Disorders, In: G. Said and C.
Kraup, (Eds.), 2013.
Zotova, E.G. Arezzo, J.C. Non-invasive evaluation of nerve conduction in small diameter fibers in the rat.
Physiology Journal, Article ID 254789, 2013.
Schaumburg, H.H., Arezzo, J.C. Lauria, G., Faber, C.G., Ingeman, S.J., Merkies. Morphometry of dermal
nerve fibers in human skin. Neurology, 77(19):1770–1, 2011.
Arezzo, J.C., Litwak, M, and Zotova, E. Correlation and Dissociation of Electrophysiology and
Histopathology in the Assessment of Toxic Neuropathy. Toxicologic Pathology 39:1 4651, 2011.
Foster, W.R. Car, B.D., Shi, H, Levesque, .PC., Obemeier M.T., Gan, J., Arezzo, J.C. et al., Drug safety is a bar-
rier to the discovery and development of new androgen receptor antagonist. Prostate 5:4808, 2011.
Dyck, P.J., Albers. J.W., Andersen, H., Arezzo, J.C., Biessels, G.J., Bril, V., Feldman, E.L., Litchy, W.J., O’Brien,
P.C. and Russell, J.W. Diabetic polyneuropathies: Update on research definitions, diagnostic criteria and
estimation of severity. Diabetes Metab Res Rev, 2011.
Swain, S.M. and Arezzo, J.C. Neuropathy associated with microtubule inhibitors: Diagnosis incidence
and management. Clinical Advances in Hematology & Oncology, 6(6):45546, 2008.
Zotova, E.G., Schaumburg, H.H., Raine, C.S., Cannella, B., Tar, M., Melman, A and Arezzo, J.C. Effects of
hyperglycemia on rat cavernous nerve axons: a functional and ultrastructural study, Experimental
Neurology 213:439447, 2008.
Arezzo, J.C., Rosenstock, J. LaMoreaue, L. and Pauer, L. Efficacy and safety of pregabalin 600 mg/d for
treating painful diabetic peripheral neuropathy. BMC Neurology 8:33, 2008.
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Thaddeus Bargiello
Neuroscience
Professor

Structure function relations of gap junctions
We are investigating the structure-function relationships of voltage dependent gap
junctions encoded by the vertebrate connexin gene family. Recently we have iden-
tified several amino acid residues that form part of the transjunctional voltage sen-
sor in two closely related members of the connexin gene family; Cx26 andCx32
and have identified amino acid residues that form the physical gate of a second
gating mechanism termed loop-gating. We are further examining the structural
implications and operation of voltage dependent gating by site directed mutagen-
esis, expression of in vitro synthesized RNA in Xenopus oocytes, Molecular
Dynamics simulations of connexin hemichannels imbedded into model mem-
branes and with the solution structure of peptides with NMR. A major objective
of our recent work is the creation of models of voltage-gated closed state and their
validation. Atomic models of open and closed states allows the use of computa-
tional methods to describe the transition pathway. We are extending the results
obtained from our investigations of Cx26 and Cx32 to other, more distantly relat-
ed members of the connexin gene family to determine the generality of the gating
mechanisms we have described.
Abrams, C.K., Islam, M. Mahmoud, R., Kwon, T., Bargiello, T.A., and Freidin, M.M. (2013). Functional
Requirement for a Highly Conserved Charged Residue at Position 75 in the Gap Junction Protein
Connexin 32. J. Biol Chem. 288:3609–3619.
Kwon, T. Tang, Q, and Bargiello, T.A. (2013). Voltage-dependent gating of the Cx32*43E1 hemichannel:
Conformational changes at the channel entrances. J. Gen Physiol. 141:243–259.
Kwon, T. Dowd, T.L., and Bargiello, T.A. (2013). The Carboxyl Terminal Residues 220–283 are not required
for voltage gating of a chimeric Connexin32 hemichannel. Biophysical J. 105:1376–1382.
Kwon, T., Roux, B., Jo, S., Klauda, J. Harris, A.L. and Bargiello, T. A. (2012) Molecular Dynamics Simulations
of the Cx26 Hemichannel: Insights into the mechanism of voltage-dependent loop-gating. Biophysical
J. 102:1341–51.
Kalmatsky, B.D., Batir, Y., Bargiello, T.A. and Dowd, T.L. (2012) Structural Studies of N-terminus of
Connexin 32 Using 1HNMR Spectroscopy. Arch. Biochem. Biophys. (in press).
Bargiello, T.A., Tang, Q, Oh, S. and Kwon, T. (2012) Voltage-dependent Conformational Changes in
Connexin Channels. Biochim. Biophys. Acta 1818:1807–1822.
Kwon, T., Harris, A.L. Rossi, A and Bargiello, T.A. (2011) Molecular Dynamics Simulations of the Cx26
Hemichannel: Evaluation of structural models with Brownian Dynamics. J. Gen Physiol. 138:475–493.��
Verselis V.K., Trelles M.P., Rubinos C, Bargiello T.A., and Srinivas M. (2009) Loop gating of connexin
hemichannels involves a movement of pore-lining residues in the first extracellular domain. J Biol
Chem. 284:4484–4493.
Freidin M, Asche S, Bargiello T.A., Bennett M.V., Abrams C.K. (2009) Connexin 32 increases the prolifer-
ative response of Schwann cells to neuregulin-1 (Nrg1). Proc Natl Acad Sci USA. 106:3567–72.
Tang, Q., Dowd, T.L., Verselis, V.K. and Bargiello, T.A. (2009) Conformational changes in a pore forming
region underlie voltage dependent loop-gating of an unapposed connexin hemichannel. J Gen
Physiol. 133:555–570.
Kalmatsky, B.D., Bhagan, S., Tang, Q, Bargiello, T.A., and Dowd, T.L. (2009) Structural Studies of the N-ter-
minus of Connexin 32 Using 1H NMR Spectroscopy. Arch. Biochem. Biophys. 490:9–16.
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Michael V.L. Bennett
Neuroscience
Professor

Areas of investigation include: molecular and cellular physiology of glutamatergic
transmission, mechanisms of delayed neurodegeneration induced by global
ischemia, neuroprotection after ischemia or other insult and gap junction mediat-
ed intercellular communication.
Glutamatergic transmission is the primary mode of excitation in the nervous sys-
tem. Modifications of synaptic efficacy underlie development and learning and
also play important roles in disease processes. NMDA receptors, one class
responding to glutamate, mediate forms of long term potentiation and depression,
which can underlie memory. Protein kinases and phosphatases modify single
channel properties and trafficking, i.e., movement out from the cell body, dendrit-
ic synthesis, insertion into the surface membrane, removal, and recycling or
degradation. Delayed neuronal death in the hippocampal CA1 following global
ischemia and in CA3 following kainate induced status epilepticus results from
down regulation of GluR2, the AMPA receptor subunit that limits calcium per-
meability of these receptors. Increased Ca2+ influx in response to endogenous glu-
tamate then triggers cell death by Ca2+ overload. GluR2 downregulation is medi-
ated by REST(RE-1 silencing transcription factor), which is upregulated after
ischemia. In ischemic preconditioning a brief period of ischemia leads to tolerance
of a longer lasting and otherwise injurious ischemic episode. We are identifying
changes in gene expression responsible for ischemic tolerance after precondition-
ing.
Electrical synapses formed by gap junctions synchronize many types of inhibitory
interneurons in the mammalian brain. Gap junction channels are formed by a
hemichannel from each of the coupled cells; because of their high conductance
and permeability, it was thought that hemichannels were closed until docking with
another hemichannel. Now it there is evidence that hemichannels not apposed to
another hemichannel can open under physiological as well as pathological condi-
tions. We are investigating the controlling mechanisms at the level of single (hemi)
channels. Hemichannels mediate intercellular signaling by secreted molecules,
such as ATP, and may be involved in propagation of damage (or protection) at
boundaries between normal and injured tissue. Several human diseases are caused
by connexin mutations, including X-linked Charcot-Marie-Tooth disease, one
type of non-syndromic deafness, one type of epilepsy, two types of cataract, and
oculodentodigital dysplasia (ODDD). We are analyzing how the altered biophysics
of the mutations leads to the pathology.
Eugenin EA, King JE, Hazleton JE, Major EO, Bennett MVL, Zukin RS, Berman JW. (2011) Differences in
NMDA receptor expression during human development determine the response of neurons to HIV-
Tat-mediated neurotoxicity. Neurotox. Res. 19: 138–148. PMID: 20094923.

Orellana JA, Froger N, Ezan P, Jiang JX, Bennett MVL, Naus CC, Giaume C, Sáez JC. (2011) ATP and glu-
tamate released via astroglial connexin43 hemichannels mediate neuronal death through activation
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of pannexin 1 hemichannels. J Neurochem. Feb 5. doi: 10.1111/j.1471–4159.2011.07210.x. [Epub ahead
of print] PMID: 21294731.

Stetler, R.A., Gao, Y., Zukin, R.S., Vosler, P.S., Zhang, L., Zhang, F., Cao, G., Bennett, M.V.L., Chen, J. (2010)
Apurinic/apyrimidinic endonuclease APE1 is required for PACAP-induced neuroprotection against
global cerebral ischemia. Proc. Natl. Acad. Sci. U.S.A. 107: 3204 – 3209. PMID: 20133634.
Palacios-Prado, N., Biggs, S.W., Skeberdis, V.A., Pranevicius, M., Bennett, M.V.L., Bukauskas, F.F. (2010)
pH-dependent modulation of voltage gating in connexin45 homotypic and connexin45/connexin43
heterotypic gap junctions. Proc. Nat. Acad. Sci. U.S.A. 107: 9897–9902. PMID: 20445098.
Sáez JC, Schalper KA, Retamal MA, Orellana JA, Shoji KF, Bennett MVL. (2010) Cell membrane perme-
abilization via connexin hemichannels in living and dying cells. Exp Cell Res. 316: 2377–89. PMID:
20565004.
Garré JM, Retamal MA, Cassina MP, Barbeito L, Bukauskas FF, Sáez JC, Bennett MVL, Abudara V. (2010)
FGF-1 induces ATP release from spinal astrocytes in culture and opens pannexin and connexin
hemichannels. Proc. Natl. Acad. Sci. U.S.A. 107: 22659–22664. PMID: 21148774.
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Aviv Bergman
Systems and Computational Biology/Neuroscience
Professor and Chairman of Systems and Computational Biology

My research agenda addresses quantitative problems in evolutionary and develop-
mental biology by using a combination of computational, mathematical, and
experimental tools. Starting with biologically relevant models, we comb for data
from existing studies, and in close collaboration with experimentalists, we gener-
ate new data. In turn, this data allows us to refine the models, thus guiding both
experimental and modeling processes. The ability to test models in this way is
facilitated by data generated from systematic genomics efforts undertaken in
recent years. Central to our approach is an evolutionary perspective in examining
the hypotheses arising from the combination of theoretical model and biological
data.
Topology of biological networks
We study the relationship between the topology of biological networks and their
functional (e.g. robustness) and evolutionary (e.g. polymorphism and divergence)
properties. It has been conjectured that genes with a large number of downstream
targets are more highly conserved, and when compromised, will tend to have a
larger effect on network functioning than sparsely connected genes. However, we
have shown that ‘topdown’ inferences of biological properties based on simple
measures such as number of targets, are of limited utility. We argue that such lack
of predictive power is the result of a composite effect in which certain sub-net-
works obeying a strong correlation between biological function and simple meas-
ures, coexist with other sub-networks having no correlation at all. We have
demonstrated that more detailed information, e.g., dynamic gene-expression data,
and the specifics of the genetic background, are needed to make meaningful func-
tional and evolutionary inferences.
Investigations with an evolutionary perspective, such as these, can also be extend-
ed to biomedical research of phenotypic traits resulting from complex genetic
interactions, including Cancer, Diabetes, Hypertension and Aging, as well as
mechanistic models of the immune system. Indeed, we have successfully applied
methodologies adopted from evolutionary theory to identify genes associated with
extreme longevity as well as their targets, age-related disease genes.
Computational Immunology and somatic hypermutation
Somatic hypermutation (SHM) is a key process in the generation of antibody
diversity that normally operates in antibody-forming B cells by introducing point
mutations into the variable regions of immunoglobulin (Ig) heavy and light chain
genes. SHM is initiated when the highly mutagenic enzyme activation-induced
deaminase (AID) generates C→U mutations by deaminating cytosines preferen-
tially at WRC hotspot motifs (where W=A/T, R=G/A and C is the mutated base).
In collaboration with Matthew Scharff (Department of Cell Biology, Albert
Einstein College of Medicine), we use computational and statistical methods
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together with relevant experimental data to improve our understanding of the
molecular mechanisms underlying SHM. How does the target sequence affect
AID activity? To study the behavior of AID and the role of the target sequence, we
have used computational methods to compare mutated sequences from three dif-
ferent models of AID activity: (a) an in vivo mouse model, (b) an in vitro model
which captures essential biochemical activity of AID on DNA, and (c) an in silico
model which simulates only hotspot targeting. This analysis suggests that there is
considerably more complexity involved in the mutation process than can be
described by simple of WRC hotspot motifs. We have also found strong differ-
ences between the two strands (transcribed and non-transcribed) in terms of the
similarity between the models. A potential clue comes from differences in the pro-
file of inter-mutational distances between the two strands, which suggest the exis-
tence of a complex interplay between the enzyme structure and the sequence.
Evolution of gene regulatory networks
There is little doubt that plasticity in gene regulatory networks plays a key role in
evolution, particularly in developmental networks. We use computational and
mathematical models of gene networks to investigate key evolutionary questions
and generate novel hypotheses. Where possible we also use relevant biological data
to confirm theoretical findings.
How does degeneracy in transcription factor binding motifs affect evolution of
cis-regulatory regions? In collaboration with Andras Fiser (DSCB, Albert Einstein
College of Medicine) we are developing structural models of transcription factor
– DNA interactions in which we predict binding affinities for all possible interac-
tions. The predicted binding affinities have been integrated with existing evolu-
tionary models, enabling us to address questions concerning the evolution of reg-
ulatory motifs. Turnover of transcription factor binding sites is widespread in both
insects and mammals, yet is poorly understood. Using our modeling framework
we aim to understand what factors (e.g. motif degeneracy or selection) influence
turnover rates.
What is fate of duplicated genes in networks? Several explanations have been pro-
posed to explain the unexpectedly high retention of duplicate genes. One popular
theory is the duplication-degeneration-complementation (DDC) model, which
proposes that following gene duplication the two gene copies degenerate to per-
form complementary functions that jointly match that of the single ancestral gene,
a process also known as subfunctionalization. However, the DDC model is gene-
centric, and does not take into account the network context. Using computational
models of evolving gene networks we have analyzed the fate of duplicate genes and
found that network plasticity undermines the relevance of subfunctionalization,
and that neofunctionalization (recruitment of novel interactions) plays a more
predominant role than was previously thought.
MacCarthy T, Kalis SL, Roa S, Pham P, Goodman MF, Scharff MD, Bergman A. (2009) V-region mutation
in vitro, in vivo, and in silico reveal the importance of the enzymatic properties of AID and the
sequence environment. Proc Natl Acad Sci USA 106(21): 8629–8634.
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MacCarthy T, Roa S, Scharff, MD, Bergman A. (2009) SHMTool: a webserver for comparative analysis of
somatic hypermutation datasets. DNA Repair 8(1): 137–141.
West GB, Bergman A. (2009) Toward a systems biology framework for understanding aging and health
span. J Gerontol A Biol Sci 64(2):205–208.
Roa S, Avdievich E, Peled JU, MacCarthy T, Werling U, Kuang FL, Kan R, Zhao C, Bergman A, Cohen PE,
Edelmann W, Scharff MD. (2008) Ubiquitylated PCNA plays a role in somatic hypermutation and class-
switch recombination and is required for meiotic progression. Proc Natl Acad Sci USA 105(42):
16248–53.
MacCarthy T, Bergman A. (2007) The limits of subfunctionalization. BMC Evol Biol 7:213.
Bergman A, Atzmon G, Ye K, MacCarthy T, Barzilai N. (2007) Buffering mechanisms in aging: a systems
approach toward uncovering the genetic component of aging. PLoS Comput Biol 3(8): e170.
MacCarthy T, Bergman A. (2007) Coevolution of robustness, epistasis, and recombination favors asex-
ual reproduction. Proc Natl Acad Sci USA 104(31), 12801–12806.
Siegal ML, Promislow DE, Bergman A. (2006) Functional and evolutionary inference in gene networks:
does topology matter? Genetica 129(1): 83–103.
Masal J, Bergman A. (2003) The evolution of the evolvability properties of the yeast prion [PSI+].
Evolution 57(7): 1498–1512.
Bergman A, Siegal ML. (2003) Evolutionary capacitance as a general feature of complex gene networks.
Nature 424(6948): 549–552.
Siegal ML, Bergman A. (2002) Waddington’s canalization revisited: developmental stability and evolu-
tion. Proc Natl Acad Sci USA 99(16): 10528–10532.
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Hannes E. Buelow
Genetics/Neuroscience
Associate Professor

My lab uses the small nematode C. elegans with its simple and well characterized
nervous system as a genetic model. We are trying to understand how growing
axons and dendrites navigate the extracellular space to connect to their partners
and be appropriately patterned.
The extracellular space is filled with a complex mixture of proteins and proteogly-
cans e.g. heparan sulfate (HS) proteoglycans which are a particular focus of the
lab. We are asking how specific modification patterns of the polysaccharide HS
determine the path of developing axons. For instance, we have shown that distinct
modification patterns in HS serve specific and instructive functions during neural
development leading us to formulate the ‘HS code’ hypothesis. We propose that
defined combinations of modifications in the sugars of HS contain information
and generate a molecular map that helps shape the nervous system. Our goal is to
decipher the information contained in HS, determine the factors that create and
modulate it and describe the genes that respond to it. We are also investigating a
pathological dimension of HS by studying Kallmann Syndrome, a human genetic
disease with specific neurological defects in which we have identified mutations in
HS genes.
In another project we are studying the development of dendrites in polymodal
multidendritic neurons of C. elegans. We are aiming to understand how the complex
dendritic arbors that resemble menorah-like candelabras are patterned. In sum-
mary, we are using genetic approaches coupled with biochemical and advanced
imaging approaches to understand the function of genes involved in development
and disease of the nervous system.
Bülow, H.E.*, Tjoe, N., Townley, R.A., Didiano, D., van Kuppevelt, T.H., and Hobert, O. (2008) Extracellular
sugar modifications provide instructive and cell-specific information for axon guidance choices.
Current Biology, 18:1978–1985, * corresponding author
Bhattacharya R., Townley, R.A., Berry K.L., and Bülow, H.E. (2009) The PAPS transporter pst-1 is required
for heparan sulfation and is essential for viability and neural development. J. Cell Science,
122:4492–4504.
Townley R.A., and Bülow H.E. (2011) Genetic Analysis of the Heparan modification network in
Caenorhabditis elegans. J. Biol. Chem., 286(19):16824–31.
Tornberg J., Keefe K., Sykiotis G.P., Plummer L., et al., Pitteloud N.*, Bülow H.E.* (2011) Heparan sulfate
6-O-sulfotransferase 1, a gene involved in extracellular sugar modifications, is mutated in patients with
idiopathic hypogonadotrophic hypogonadism. Proc Natl Acad Sci USA, 108(28):11524–11529.
Aguirre-Chen C., Bülow H.E., and Kaprelian Z. (2011), C. elegans bicd-1, homolog of the Drosophila
dynein accessory factor Bicaudal D, regulates the branching of PVD sensory neuron dendrites.
Development, 138:507–518.
Attreed M., Desbois M., van Kuppevelt T.H., and Bülow H.E. (2012) Direct visualization of specifically
modified extracellular glycans in living animals. Nat. Methods, 9(5):477–479.
Tecle E, Diaz-Balzac CA, Bülow HE. (2012) Distinct 3-O-sulfated heparan sulfate modification patterns
arerequired for kal-1-dependent neurite branching in a context-dependent manner in Caenorhabditis
elegans. G3 (Bethesda). 2013 Mar;3(3):541–52.
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Salzberg Y., Díaz -Balzac C.A., Ramirez-Suarez N.J., Attreed M., Tecle E., Desbois M., Kaprielian Z., and
Bülow H.E. (2013) Skin-derived cues control arborization of sensory dendrites in Caenorhabditis ele-
gans. Cell, 155(2): 308–320.
Díaz-Balzac C.A., Lázaro-Peña M.I., Tecle E., Gomez N., and Bülow H.E. (2014) Complex cooperative func-
tions of heparan sulfate proteoglycans shape nervous system development in C. elegans. G3
(Bethesda), 2014 Aug 5. pii: g3.114.012591. doi: 10.1534/g3.114.012591. [Epub ahead of print].
Salzberg Y.*, Ramirez-Suarez N.J.*, and Bülow H.E. (2014) The proprotein convertase KPC-1/furin con-
trols branching and self-avoidance of sensory dendrites in Caenorhabditis elegans. PLoS Genetics, in
press.
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Feliksas F. Bukauskas
Neuroscience
Professor

Our major goals are to study de-novo formation, gating and regulation of gap
junction (GJ) channels and unapposed/nonjunctional hemichannels formed by
connexin (Cx) proteins. GJ channels mediate direct cell-cell exchange of cytosolic
ions and molecules. By combining electrophysiological, imaging and computa-
tional modeling methods, we examine electrical cell-cell coupling and metabolic
communication under normal conditions and changes of intracellular pH, [Ca2+]i,
[Mg2+]i and other reagents in living cells that express different types of wild type
Cxs, their mutants and Cxs fused with color variants of green fluorescent protein
(Cx-GFP). We demonstrated that in each hemichannel of the GJ channel there are
two distinct types of gating mechanisms, fast and slow/loop, and that the fast gate
can serve as a selective filter that preserves electrical cell-cell signaling but restricts
metabolic communication and chemical signaling. We developed a stochastic
multi-state model describing voltage-gating of homotypic and heterotypic GJ
channels combined with methods of global coordinate optimization for automat-
ed characterization of fast and slow gates from experimental measurements of
voltage gating. We propose that clustering of GJ channels into junctional plaques
(JPs) is central to their ability to function. We reported that depending on Cx iso-
form, only ~0.003–0.15 of GJ channels clustered in JPs are functional and this
fraction can be significantly modulated by pHi, [Ca2+]i, [Mg2+]i, arachidonic acid,
long chain alkanols, albumin and other factors. Furthermore, we demonstrated
that heterotypic junctions can exhibit nearly unidirectional electrical signaling
and may function as rectifying electrical synapses and that the transjunctional flux
of metabolites is affected by ionophoresis and voltage-sensitive gating, which can
synergistically or antagonistically affect metabolic communication. Furthermore,
we study the role of Cxs in the spread of apoptosis and Cx mutants related to deaf-
ness, oculodentodigital dysplasia (ODDD), X-linked Charcot-Marie-Tooth dis-
ease, cardiac arrhythmia and other hereditary diseases.
For more details, please see our website connexons.aecom.yu.edu.
Paulauskas N, Pranevicius H, Mockus J, Bukauskas FF. (2012) A stochastic 16-state model of voltage-
gating of gap junction channels enclosing fast and slow gates. Biophysical J. 102:2471–80.
Bukauskas FF. (2012) Neurons and -cells of pancreas express connexin36 forming gap junction chan-
nels exhibiting strong cationic selectivity. J. Membrane Biology. 245:243–53.
Palacios-Prado N, Bukauskas FF. (2012) Modulation of metabolic communication through gap junction
channels by transjunctional voltage; synergistic and antagonistic effects of gating and ionophoresis.
Bioch. et Biophysica Acta. 1818:1884–94.
Skeberdis VA, Rimkute, L, Skeberdyte A, Paulauskas N, Bukauskas FF. (2011) pH-dependent modulation
of connexin-based gap junctional uncouplers. J. Physiology (London). 15:3495–506.
Palacios-Prado N, Briggs SW, Skeberdis VA, Pranevicius M, Bennett MVL, Bukauskas FF. (2010) pH-
dependent modulation of voltage gating in connexin45 homotypic and connexin45/connexin43 het-
erotypic gap junctions. Proc Natl Acad Sci U S A. 107:9897–902.
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Palacios-Prado N, Bukauskas FF. Heterotypic Gap Junction Channels as Voltage-Sensitive Valves for
Intercellular Signalling. Proc Natl Acad Sci U S A. 106:14855–60. 2009. This paper was commented in:
Faculty of 1000 Biology, 9 Sep 2009. http://f1000biology.com/article/id/1163681/evaluation.
Paulauskas N, Pranevicius M, Pranevicius H, Bukauskas FF. (2009) A stochastic four-state model of con-
tingent gating of gap junction channels containing two‘fast’gates sensitive to transjunctional voltage.
Biophysical J. 96:3936–48.
Palacios-Prado N, Sonntag S, Skeberdis VA, Willecke K, Bukauskas FF. (2009) Gating, permselectivity and
pH-dependent modulation of channels formed by connexin57, a major connexin of horizontal cells in
the mouse retina. J. Physiology (London). 587:3251–69.
Rackauskas M, Verselis VK, Bukauskas F. (2007) Permeability of homotypic and heterotypic gap junc-
tion channels formed of connexins, mCx30.2, Cx40, Cx43 and Cx45. Am. J. Physiol., Heart Circ. Physiol.
H1729–36.
Bukauskas FF, Kreuzberg MM, Rackauskas M, Bukauskiene A, Bennett MVL, Verselis VK, Willecke K.
(2006) Properties of mouse connexin 30.2 and human connexin 31.9 hemichannels; implications for
atrioventricular conduction in the heart. Proc Natl Acad Sci U S A. 103:9726–31.
Kreuzberg MM, Willecke K, Bukauskas F. (2006) Connexin mediated cardiac impulse propagation:
Connexin 30.2 slows atrioventricular conduction in mouse heart. Review, Trends in Cardiovascular
Medicine. 16:266–272.
Bukauskas FF, Verselis VK. (2004) Gap junction channel gating. Review, Bioch. et Biophysica Acta,
1662:42–60.
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Herman Buschke
Neurology/Neuroscience
Professor

Rabin, L.A., Wang, C., Katz, M.J., Derby, C.A., Buschke, H., Lipton, R.B. (2012) Predicting Alzheimer’s dis-
ease: neuropsychological tests, self-reports, and informant reports of cognitive difficulties. J Am Geriatr
Soc. 60:1128–34. doi: 10.1111/j.1532–5415.2012.03956.x.
Kuslansky, G., Buschke, H., Katz, M., Sliwinski, M., Lipton, R.B. (2002) Screening for Alzheimer’s disease:
the memory impairment screen versus the conventional three-word memory test. J Am Geriatr Soc.
50:1086–91.
Verghese, J., Buschke, H., Viola, L., Katz, M., Hall, C., Kuslansky, G., Lipton, R. (2002) Validity of divided
attention tasks in predicting falls in older individuals: a preliminary study. J Am Geriatr Soc. 50:1572–6.
Buschke, H., Kuslansky, G., Katz, M., Stewart, W.F., Sliwinski, M.J., Eckholdt, H.M. & Lipton, R.B. (1999)
Screening for dementia with the Memory Impairment Screen. Neurology, 52, 231–238.
Sliwinski, M.J. & Buschke, H. (1999) Cross-sectional and longitudinal relationships among age, cogni-
tion, and processing speed. Psychology and Aging, 14:18–33.
Buschke, H. & Sliwinski, M.J. (1999) Item-Specific Weighted Memory Measurement. In E. Tulving (Ed.),
Memory, Consciousness, and the Brain: The Tallinn Conference. Philadelphia: The Psychology Press.
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Pablo E. Castillo
Neuroscience
Professor

Synaptic transmission underlies every aspect of nervous system function. How we
think, feel, act and learn, all rely on information transfer between nerve cells. In
addition, synapses are extremely dynamic, and activity-dependent changes in
synaptic strength are essential to most forms of learning. It is becoming increas-
ingly clear that synaptic dysfunction is central to the etiology and progression of a
wide range of neuropsychiatric and neurodevelopmental disorders. The main goal
of my research program is to understand the cellular and molecular basis of activ-
ity-dependent changes in synaptic strength at both excitatory and inhibitory con-
nections, and how such changes are modified during pathological conditions. In
our studies we use brain slice electrophysiology and pharmacology, two-photon
laser microscopy, optogenetics and a wide-range of molecular manipulations. To
gain insights into the mechanisms of synaptic function, we include in our studies
functional analyses of transgenic mice for several synaptic proteins, as well as
mouse models for various neuropsychiatric conditions, including Alzheimer’s dis-
ease, autistic spectrum disorders and schizophrenia.
Younts TJ, Chevaleyre V, Castillo PE (2013) CA1 pyramidal cell theta-burst firing triggers endocannabi-
noid-mediated long-term depression at both somatic and dendritic inhibitory synapses. J. Neurosci. (in
press).
Hunt DL, Puente N, Grandes P, Castillo PE (2013) Bidirectional NMDA receptor plasticity controls CA3
output and heterosynaptic metaplasticity. Nat Neurosci 16:1049–59.
Castillo PE, Younts TJ, Chavez AE, Hashimotodani Y (2012) Endocannabinoid signaling and synaptic
function. Neuron 76:70–81.
Rodenas-Ruano A, Chávez AE, Cossio MJ, Castillo PE, Zukin RS (2012) REST-dependent epigenetic
remodeling promotes the developmental switch in synaptic NMDA receptors. Nat Neurosci
15:1382–90.
Straub C, Hunt DL, Yamasaki M, Kim KS, Watanabe M, Castillo PE, Tomita S. (2011) Unique functions of
kainate receptors in the brain are determined by the auxiliary subunit Neto1. Nature Neurosci
14:866–73.
Castillo PE, Chiu CQ, Carroll RC (2011) Long-term plasticity at inhibitory synapses Current Opinion in
Neurobiology 21:328–338.
Chávez AE, Chiu CQ, Castillo PE (2010). TRPV1 activation by endogenous anandamide triggers postsy-
naptic LTD in dentate gyrus. Nature Neurosci 13:1511–8.
Chiu CQ, Puente N, Grandes P, Castillo PE (2010) Dopaminergic modulation of endocannabinoid-medi-
ated plasticity at GABAergic synapses in the prefrontal cortex J Neurosci 30, 7236–48.
Heifets BD and Castillo PE (2009) Endocannabinoid signaling and long-term synaptic plasticity. Annu.
Rev. Physiology. 71:283–306.
Kwon HB & Castillo PE (2008) Role of glutamate autoreceptors at hippocampal mossy fiber synapses
Neuron 60, 1082–94.
Kwon HB & Castillo PE (2008) Long-term potentiation selectively expressed by NMDA receptors at hip-
pocampal mossy fiber synapses Neuron 57, 108-20.
Heifets BD, Chevaleyre V & Castillo PE (2008) Interneuron activity controls endocannabinoid-mediated
presynaptic plasticity through calcineurin Proc Natl Acad Sci U S A 105, 10250–5.
Chevaleyre V, Heifets BD, Kaeser PS, Sudhof TC & Castillo PE (2007) Endocannabinoid-mediated long-
term plasticity requires cAMP/PKA signaling and the active zone protein RIM1alpha Neuron 54,
801–812.
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Chevaleyre V, Takahashi K., Castillo P.E. (2006) Endocannabinoid-mediated synaptic plasticity in the
CNS. Annu. Rev. Neurosci. 29:37–75.
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Streamson Chua
Medicine/Endocrinology/Neuroscience
Professor

Regulation of adipocyte metabolism and differentiation by a ubiquitin
ligase
We have a project directed at investigating adipocyte specific factors that affect
body fat accumulation. Following the establishment of a genetic model in leptin
deficient mice with strain specific differences in fat content, we mapped a locus
that co-segregated with body fat content and adipocyte lipolytic rates.
Fine mapping and sequencing efforts identified two alleles of Ube2l6, a ubiquitin
ligase, that controls the turnover rate of adipocyte triglyceride lipase, the rate lim-
iting enzyme for adipocyte lipolysis. Furthermore, Ube2l6 has effects of pre-
adipocyte differentiation. We are currently pursuing the molecular pathways in
white adipocytes that are regulated by ubiquitination.
Role of FGF signaling in glucose homeostasis
We are developing a working model for the role of FGF19, a gut derived hormone,
in the control of glucose metabolism. We have evidence that FGF receptors with-
in the hypothalamus, specifically in AGRP/NPY neurons, mediate the effects of
FGF19 and prevent hyperglycemia in obese and insulin resistant rodent models.
Melanocortins in the regulation of fertility and reproduction
We have recently discovered the primary links between nutritional status and
reproductive function. There has been a longstanding link between adiposity and
reproduction although the specific nature of the link was not known. Using mouse
models of obesity and infertility due to leptin signaling deficiency, we have identi-
fied neurons within the arcuate nucleus (AGRP/NPY neurons) and the ventral
premammillary nucleus (NOS1 neurons) that are regulated by leptin and in turn,
regulate the activity of gonadotrophin releasing hormone (GnRH) neurons.
Further work is being developed to determine the function of Kisspeptin neurons
within this neuronal network.
Marcelin G, Liu SM, Schwartz GJ, Chua SC Jr. Identification of a Loss-of-Function Mutation in Ube2l6
Associated With Obesity Resistance. Diabetes. 2013 Aug;62(8):2784–95. doi: 10.2337/db12-1054. Epub
2013 Apr 4. PubMed PMID: 23557705; PubMed Central PMCID: PMC3717837.
Marcelin G, Liu SM, Li X, Schwartz GJ, Chua S. Genetic control of ATGL-mediated lipolysis modulates
adipose triglyceride stores in leptin-deficient mice. J Lipid Res. 2012 May;53(5):964–72. doi:
10.1194/jlr.M022467. Epub 2012 Mar 1. PubMed PMID: 22383686; PubMed Central PMCID:
PMC3329395.
Marcelin G, Chua S Jr. Contributions of adipocyte lipid metabolism to body fat content and implica-
tions for the treatment of obesity. Curr Opin Pharmacol. 2010 Oct;10(5):588–93. doi:
10.1016/j.coph.2010.05.008. Epub 2010 Jun 8. Review. PubMed PMID: 20860920; PubMed Central
PMCID: PMC2945394.

Merhi Z, Buyuk E, Berger DS, Zapantis A, Israel DD, Chua S Jr, Jindal S. Leptin suppresses anti-Mullerian
hormone gene expression through the JAK2/STAT3 pathway in luteinized granulosa cells of women
undergoing IVF. Hum Reprod. 2013 Jun;28(6):1661–9. doi: 10.1093/humrep/det072. Epub 2013 Mar 15.
PubMed PMID: 23503941.
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Israel DD, Sheffer-Babila S, de Luca C, Jo YH, Liu SM, Xia Q, Spergel DJ, Dun SL, Dun NJ, Chua SC Jr.
Effects of leptin and melanocortin signaling interactions on pubertal development and reproduction.
Endocrinology. 2012 May;153(5):2408–19. doi: 10.1210/en.2011-1822. Epub 2012 Mar 9. PubMed
PMID: 22408174; PubMed Central PMCID: PMC3381095.
Israel D, Chua S Jr. Leptin receptor modulation of adiposity and fertility. Trends Endocrinol Metab. 2010
Jan;21(1):10–6. doi:10.1016/j.tem.2009.07.004. Epub 2009 Oct 23. Review. PubMed PMID: 19854659;
PubMed Central PMCID: PMC2818174.
Jo, Y.H., Chen, Y.J., Chua, S.C., Jr., Talmage, D.A. and Role, L.W. (2005) Integration ofendocannabinoid and
leptin signaling in an appetite-related neural circuit. Neuron 48:105566.
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Kostantin Dobrenis
Neuroscience
Assistant Professor

Our principal interests lie in the therapy of neurologic diseases and in the field of
microglial biology. Much of our work is focused on developing rational therapeu-
tic strategies for genetic diseases that affect the central nervous system (CNS) in a
global manner, in particular neuronal storage disorders such as Tay-Sachs disease.
The goal here is to find ways to effectively replace the missing lysosomal enzyme
within cells throughout the CNS. Towards this, our research has been and is
directed to satisfying three important conditions necessary for successful treat-
ment. One is to overcome the blood:brain barrier (BBB) and deliver normal
enzymes or genes into the CNS parenchyma in a widespread manner. A strategy
for this is the use of appropriately specialized cell lines to serve as vectors able to
cross the BBB. These lines would upon introduction into circulation target to and
enter the CNS via the vasculature, and release macromolecular therapeutic agents
locally. We have derived subpopulations of the monocyte/microglial lineage from
unique transgenic animals and have found these cells can enter all major regions
of the CNS following intravenous injection into normal mice. We are now employ-
ing strategies to enhance efficiency of entry and longevity within the brain. Cell
lines efficient in circumventing the BBB could prove invaluable towards treatment
of a variety of diseases with global CNS involvement for which current delivery
modalities are inadequate. The second and related requirement is to provide suf-
ficient levels of normal exogenous enzyme in the extracellular fluid for subsequent
uptake by deficient CNS cells. We have shown that normal microglia and our cell
lines do secrete lysosomal enzymes and are now investigating how gene overex-
pression, cytokine modulation and endosomal pathways can be used to enhance
secretion. The third condition is to obtain efficient endocytosis of compounds
from the interstitial fluid by neurons. We have previously shown that polylysine or
penta-mannosyl-phosphate conjugates of b-hexosaminidase (the enzyme deficient
in Tay Sachs disease) could enhance neural cell uptake of enzyme. Most effective
for neurons was enzyme derivatized with the atoxic fragment of tetanus toxin
(TTC). This resulted in 40-fold enhancement of uptake relative to native enzyme
and successful degradation of storage compounds in disease neurons. We are now
pursuing genetic modification of enzymes in our cells lines including a fusion gene
incorporating neuronal binding fragments and the retrograde trans-synaptic
transfer properties of TTC.
Siegel, D.A., Davies, P., Dobrenis, K. and Huang, M.K. (2006) Tomoregulin-2 is found extensively in
plaques in Alzheimer’s disease brain. J. Neurochem. 98:34–44.
Narita, K., Choudhury, A., Dobrenis, K., Sharma, D.K., Holicky, E.L., Marks, D.L., Walkley, S.U., and Pagano,
R.E. (2005) Protein transduction of Rab9 in Niemann-Pick C cells reduces cholesterol storage.
FASEB J.19:1558–1560.
Dobrenis, K., Chang, H.Y., Benabou, M., Woodroffe, A., Lee, S., Rozental, R., Spray, D., Scemes, E. (2005)
Human and mouse microglia express connexin36, and functional gap junctions are formed between
rodentmicroglia and neurons. J. Neurosci. Res. 82:306–315.
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Dobrenis, K. (2004) Cell-mediated therapy. In: Lysosomal Disorders of Brain, F. Platt and S.U. Walkley
(eds.), Oxford University Press, Oxford, United Kingdom, pp. 339–380.
McGlynn, R., Dobrenis, K. and Walkley, S.U. (2004) Differential subcellular localization of cholesterol,
gangliosides and glycosaminoglycans in murine models of mucopolysaccharide storage disorders. J.
Comp. Neurol. 480:415–426.
Abrams, C.K., Freidin, M., Bukauskus, F., Dobrenis, K., Bargiello, T.A., Verselis, V.K., Bennett, M.V.L., Chen,
L., and Sahenk, Z. (2003) Pathogenesis of X-linked Charcot-Marie-Tooth Disease: Differential effects
of two mutations in connexin 32. J. Neurosci. 23:10548–10558.
Zervas, M., Dobrenis, K., and Walkley, S.U. (2001) Neurons in Niemann-Pick disease type C accumulate
gangliosides as well as unesterified cholesterol and undergo dendritic and axonal alterations. J.
Neuropathol. Exp. Neurol. 60:49–64.
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Scott Emmons
Genetics/Neuroscience
Professor

How complex neural circuits form and how they function are major unsolved
problems in neurobiology. We use the nematode Caenorhabditis elegans to study
these questions at the cellular and genetic levels. We are currently completing a
comprehensive description of the synaptic interactions in the nervous system of
the C. elegans adult male—the male connectome. We identify synapses and the
trajectories of neurons in serial section electron micrographs and construct neu-
ral maps using a novel software platform. Our male wiring diagram, together with
that of the adult hermaphrodite, which was published in 1986, completes the
description of nervous system connectivity for the adults of this species, the only
animal species for which this information is available.
We are now investigating how the male circuits generate the male’s behavior and
how the circuits are genetically specified. The C. elegans male nervous system con-
tains a set of circuits located in its tail that generates the male’s copulatory behav-
ior. The neural network containing these circuits consists of the processes of some
185 neurons and around 8,000 synapses. We analyze the patterns of connectivity
within this network using computational methods to identify pathways that sub-
serve particular steps of behavior. Hypotheses regarding neuron function are
experimentally tested by cell killing techniques. We probe the functions of classi-
cal and peptide neurotransmitters, their receptors, and gap junctions by genetic
methods.
To determine how the network is genetically specified, we make use of transgenes
that express fluorescent proteins targeted to specific synapses. We plan to use these
synapse-specific labels to identify mutants and genes that affect formation of par-
ticular cellular synaptic contacts. In these experiments we hope to uncover the still
elusive class of proteins that encode the molecular determinants of synaptic speci-
ficity.
Jarrell. T. A., Wang, Y., Bloniarz, A. E., Brittin, C. A., Xu, M., Thomson, J. N., Albertson, D. G., Hall, D. H., and
Emmons, S. W. (2012) The connectome of a decision-making neural network. Science 337, 437–444.
Xu, M., Jarrell, T. A., Wang, Y., Cook, S. J., Hall, D. H., and Emmons, S. W. Computer assisted assembly of
connectomes from electron micrographs: Application to Caenorhabditis elegans. (submitted)
Barrios, A., Ghosh, R., Fang, C., Emmons, S.W., and Barr, M.M. PDF-1 neuropeptide signaling modulates
a neural circuit for mate-searching behavior in C. elegans. (submitted)
Ghosh, R., and Emmons, S. W. (2010) Calcineurin and protein kinase G regulate C. elegans behavioral
quiescence during locomotion in liquid. BMC Genetics 11:7.
Zhang, H., and Emmons, S.W. (2009) Regulation of the C. elegans posterior Hox gene egl-5 by microRNA
and the Polycomb-like gene sop-2. Developmental Dynamics 238, 595–603.
Ghosh, R., and Emmons, S. W. (2008) Episodic swimming behavior in the nematode C. elegans. Journal
of Experimental Biology 211, 3703–3711.
Barrios, A., Nurrish, S., and Emmons, S. W. (2008) Sensory regulation of C. elegans male mate-searching
behavior. Current Biology 18, 1865–1871.
Kleemann, G., Jia, L., and Emmons, S.W. (2008) Regulation of Caenorhabditis elegans male mate search-
ing behavior by the nuclear receptor DAF-12. Genetics 180, 2111–2122.
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Jia, L., and Emmons, S. W. (2006). Genes that control ray sensory neuron axon development in the
Caenorhabditis elegans male. Genetics 173, 1241–1258.
Emmons, S.W. (2005) Male development (November 10, 2005), WormBook, ed. The C. elegans Research
Community, WormBook, doi/10.1895/wormbook.1.33.1, http://www.wormbook.org.
Lints, R., Jia, L., Kim, K., Li, C., and Emmons, S.W. (2004) Axial patterning of C. elegans male sensilla iden-
tities by selector genes. Dev. Biol. 269, 137–151.
Portman, D.S. and Emmons, S.W. (2004) Identification of C. elegans sensory ray genes using whole-
genome expression profiling. Dev. Biol. 270, 499–512.
Lipton, J., Kleemann, G., Ghosh, R., Lints, R., and Emmons, S.W. (2004) Mate-searching in Caenorhabditis
elegans: A genetic model for sex drive in a simple invertebrate. J. Neurosci. 24, 7427–7434.



24

Donald Faber
Neuroscience
Professor Emeritus

Mechanisms of synaptic transmission and regulation of neuronal excitability
Our research activities focus on basic mechanisms of synaptic transmission in the
central nervous system, factors involved in the regulation of the strength of the
synaptic connections between neurons, and intrinsic mechanisms that modulate
neuronal firing patterns. We are particularly interested in the short and long term
plasticity of these fundamental properties and their consequences for the opera-
tion of neural networks.
The laboratory uses a number of experimental models, focusing most recently on
transgenic mouse models of neurodegenerative diseases, such as Huntington’s
Disease.
Gelman, S., Grove, C.L., Faber, D.S. (2011) Atypical properties of release and short-term depression at a
specialized nicotinic synapse in the Mauthner cell network. J Exp Biol. 214:1560–70.
Grove, C.L., Szabo, T.M., McIntosh JM, Do SC, Waldeck RF, Faber DS. (2011) Fast synaptic transmission in
the goldfish CNS mediated by multiple nicotinic receptors. J Physiol. 589:575–95.
Mirjany M, Preuss T, Faber DS. (2011) Role of the lateral line mechanosensory system in directionality
of goldfish auditory evoked escape response. J Exp Biol. 214:3358–67.
Weiss, S.A., Faber, D.S. (2010) Field effects in the CNS play functional roles. Front Neural Circuits. 18:4–15.
Weiss, S.A., Preuss, T., Faber, DS. (2009) Phase encoding in the Mauthner system: implications in left-
right sound source discrimination. J. Neurosci., 11:3431–41.
Gulinello, M., Gertner, M., Mendoza, G., Schoenfeld, B.P., Oddo, S., LaFerla, F., Oddo, S., Choi, C., McBride,
S. and Faber, DS. (2008) Validation of a 2-day Water Maze Protocol in Mice. Behavioral Brain Research,
196, 200–227.
Szabo, T. M., Brookings, T, Preuss, T, Faber, D.S. (2008) Effects of temperature acclimation on a central
neural circuit and its behavioral output. J. Neurophysiol., 100:2997–3008.
Weiss, S.A., Preuss, T., Faber, DS. (2008) Role of electrical inhibition in sensorimotor integration Proc Natl
Acad Sci U S A. 105:18047–52.
Preuss, T., Osei-Bonsu, P.E, Weiss, S.A., Wang, C., Faber, D.S. (2006) Neural representation of object
approach in a decision-making motor circuit. J Neurosci. 26:3454–64.
Weiss, S.A., Zottoli, S.J., Do, S.C., Faber, D.S., Preuss, T. (2006) Correlation of C-start behaviors with neu-
ral activity recorded from the hindbrain in free-swimming goldfish (Carassius auratus). J Exp Biol. 209,
4788–801.
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Alan Finkelstein
Physiology and Biophysics/Neuroscience
Professor

For the past several years we have been studying the voltage-dependent channels
formed in planar phospholipid bilayer membranes by diphtheria toxin, colicin Ia
and anthrax toxin. The remarkable finding we have discovered with the former
two channels is that in association with their opening and closing there is a mas-
sive translocation of material back and forth across the membrane. In the case of
diphtheria toxin, this consists of the N-terminal 270 residues, and in the case of
colicin Ia, a region of at least 70 residues. Moreover, we have shown with the col-
icin that foreign epitopes inserted in this region are also translocated. Thus these
molecules appear to be capable of translocating “any” sequence of polar residues.
Our research is directed at deducing the channel structure, identifying the voltage
sensor, and determining the mechanism and pathway of protein translocation.
Jakes KS, Finkelstein A. (2010) The colicin Ia receptor, Cir, is also the translocator for colicin Ia. Mol
Microbiol. 72(5):1171–80.
Udho E, Jakes KS, Buchanan SK, James KJ, Jiang X, Klebba PE, Finkelstein A. (2009) Reconstitution of
bacterial outer membrane TonB-dependent transporters in planar lipid bilayer membranes. Proc Natl
Acad Sci U S A. 106(51):21990–5.
Basilio D, Juris SJ, Collier RJ, Finkelstein A. (2009) Evidence for a proton-protein symport mechanism in
the anthrax toxin channel. J Gen Physiol. 133(3):307–14.
Janowiak BE, Finkelstein A, Collier RJ. (2009) An approach to characterizing single-subunit mutations
in multimeric prepores and pores of anthrax protective antigen. Protein Sci. 18(2):348–58.
Finkelstein A. (2009) Proton-coupled protein transport through the anthrax toxin channel. Philos Trans
R Soc Lond B Biol Sci. 364(1514):209–15.
Kienker PK, Jakes KS, Finkelstein A. (2008) Identification of channel-lining amino acid residues in the
hydrophobic segment of colicin Ia. J Gen Physiol. 132(6):693–707.
Slatin SL, Finkelstein A, Kienker PK. (2008) Anomalous proton selectivity in a large channel: colicin A.
Biochemistry. 47(6):1778–88.
Wu Z, Jakes KS, Samelson-Jones BS, Lai B, Zhao G, London E, Finkelstein A. (2006) Protein translocation
by bacterial toxin channels: a comparison of diphtheria toxin and colicin Ia. Biophys J. 91(9):3249–56.
Krantz BA, Finkelstein A, Collier RJ. (2006) Protein translocation through the anthrax toxin transmem-
brane pore is driven by a proton gradient. J Mol Biol. 355(5):968–79.
Krantz BA, Melnyk RA, Zhang S, Juris SJ, Lacy DB, Wu Z, Finkelstein A, Collier RJ. (2005) A phenylalanine
clamp catalyzes protein translocation through the anthrax toxin pore. Science. 309(5735):777–81.
Zhang S, Finkelstein A, Collier RJ. (2004) Evidence that translocation of anthrax toxin’s lethal factor is
initiated by entry of its N terminus into the protective antigen channel. Proc Natl Acad Sci U S A.
101(48):16756–61.
Zhang S, Udho E, Wu Z, Collier RJ, Finkelstein A. (2004) Protein translocation through anthrax toxin
channels formed in planar lipid bilayers. Biophys J. 87(6):3842–9.
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Yonatin Fishman
Neurology/Neuroscience
Assistant Professor

Research in our laboratory examines neural mechanisms underlying auditory per-
ception of speech, music, and other complex sounds at the cortical level. Of par-
ticular interest are the neural processes that allow the brain to perceptually segre-
gate spectrally and temporally overlapping sounds in complex acoustic environ-
ments, e.g., speakers’ voices at a cocktail party. These neural mechanisms are stud-
ied via electrophysiological recordings of neural activity in auditory cortex of
awake, behaving non-human primates. Parallel interests include translational
research involving both non-invasive and intracranial electrophysiological record-
ings in humans which is aimed at bridging explanatory gaps between neurophys-
iology of complex sound processing in animal models and humans.
Fishman, Y.I., Reser, D.H., Arezzo, J.C. and Steinschneider, M. Pitch versus spectral encoding of har-
monic complex tones in primary auditory cortex of the awake monkey. Brain Res., 786 (1998): 18–30.
Steinschneider, M., Reser, D.H., Fishman, Y.I., Schroeder, C.E. and Arezzo, J.C. Click train encoding in pri-
mary auditory cortex of the awake monkey: Evidence for two mechanisms subserving pitch percep-
tion. J. Acoust. Soc. Am., 104 (1998): 2935–2955.
Kirn, J. R., Fishman, Y., Sasportas, K., Alvarez–Buylla, A., and Nottebohm, F. Fate of new neurons in adult
canary high vocal center during the first 30 days after their formation. J. Comp. Neurol. 411 (1999):
487–494.
Reser, D.H., Fishman, Y.I., Arezzo, J.C. and Steinschneider, M. Binaural interactions in primary auditory
cortex of the awake monkey. Cerebral Cortex 10 (2000): 574–584.
Fishman, Y. I. Processing of Musical Sounds in Primary Auditory Cortex of the Awake Monkey. Doctoral
dissertation, Albert Einstein College of Medicine, Yeshiva University, (2000).
Fishman, Y.I., Reser, D.H., Arezzo, J.C. and Steinschneider, M. Complex tone processing in primary audi-
tory cortex of the awake monkey I. Neural ensemble correlates of roughness. J. Acoust. Soc. Am. 108
(2000): 235–246.
Fishman, Y.I., Reser, D.H., Arezzo, J.C. and Steinschneider, M. Complex tone processing in Primary audi-
tory cortex of the awake monkey II. Pitch versus critical band representation. J. Acoust. Soc. Am. 108
(2000): 247–262.
Fishman, Y.I., Reser, D.H., Arezzo, J.C. and Steinschneider, M. Neural Correlates of Auditory Stream
Segregation in Primary Auditory Cortex of the Awake Monkey. Hear. Res.151 (2001): 167–187.
Fishman, Y.I., Volkov, I.O., Noh, M.D., Garell, P.C., Bakken, H., Arezzo, J.C., Howard, M.A. and
Steinschneider, M. Consonance and dissonance of musical chords: Neural correlates in auditory cor-
tex of monkeys and humans. J. Neurophysiol. 86 (2001): 2761–2788.
Steinschneider, M., Fishman, Y.I. and Arezzo, J.C. Representation of the voice onset time (VOT) speech
parameter in population responses within primary auditory cortex of the awake monkey. J. Acoust.
Soc. Am., 114 (2003):1–15.
Fishman, Y.I., Arezzo, J.C. and Steinschneider, M. Auditory stream segregation in monkey auditory cor-
tex: effects of frequency separation, presentation rate, and tone duration. J. Acoust. Soc. Am., 116
(2004): 1656–1670.
Steinschneider, M., Volkov I.O., Fishman, Y.I., Arezzo, J.C. and Howard III, M.A. Intracortical responses in
human and monkey primary auditory cortex support temporal processing mechanism for encoding of
the voice onset (VOT) phonetic parameter. Cereb. Cortex. 15 (2005):170–86.
Fishman, Y.I. and Steinschneider, M. Spectral resolution of monkey primary auditory cortex (A1)
revealed with two-noise masking. J. Neurophysiol., 96 (2006): 1105–1115.
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Steinschneider, M., Fishman, Y.I., Arezzo, J.C. Spectrotemporal Analysis of Evoked and Induced
Electroencephalographic Responses in Primary Auditory Cortex (A1) of the Awake Monkey. Cerebral
Cortex,18 ( 2007): 610–625.
Fishman, Y.I. and Steinschneider, M. Temporally dynamic frequency tuning of population responses in
monkey primary auditory cortex. Hear. Res. 254 (2009): 64–76.
Fishman, Y.I. and Steinschneider, M. Neural correlates of auditory scene analysis based on inharmonic-
ity in monkey primary auditory cortex. J. Neurosci. 30 (2010): 12480–12494.
Steinschneider, M. and Fishman, Y.I. Enhanced physiologic discriminability of stop consonants with
prolonged formant transitions in awake monkeys based on the tonotopic organization of primary
auditory cortex. Hear Res. 271 (2010): 103–114.
Fishman, Y.I. and Steinschneider, M. Ch. 10. Formation of Auditory Streams, In, A.R. Palmer and A. Rees
(Eds.) The Oxford Handbook of Auditory Science: Auditory Brain. Oxford University Press, pp. 215–245
(2010).
Fishman, Y.I., Micheyl, C., and Steinschneider, M. Neural mechanisms of rhythmic masking release in
monkey primary auditory cortex: implications for models of auditory scene analysis. J. Neurophysiol.
107 (2012): 2366–2382.
Fishman, Y.I. and Steinschneider, M. Searching for the mismatch negativity (MMN) in primary auditory
cortex of the awake monkey: Deviance detection or stimulus specific adaptation? J. Neurosci. 32
(2012): 15747–15758.
Fishman, Y.I., Micheyl, C., and Steinschneider, M. Neural representation of harmonic complex tones in
primary auditory cortex of the awake monkey. J. Neurosci. 33 (2013):10312–23.
Steinschneider M., Nourski, K.V., and Fishman, Y.I. Representation of speech in human auditory cortex:
Is it special? Hear Res. (2013)
Fishman, Y.I. The mechanisms and meaning of the mismatch negativity. Brain
Topogr. 27 (2014):500–526.
Fishman, Y.I., Steinschneider, M., and Micheyl, C. Neural representation of concurrent harmonic sounds
in monkey primary auditory cortex: Implications for models of auditory scene analysis. J. Neurosci. (in
press).
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John Foxe
Pediatrics/Neuroscience
Professor & Director of Research of the Children’s Evaluation and

Rehabilitation Center
Our laboratory employs an integrated multi-methodological approach to issues in
the cognitive neurosciences, using structural and functional neuroimaging, high-
density electrophysiology, imaging genomics, eye tracking, psychophysics and vir-
tual reality to understand the neural basis of basic sensory-perceptual and cogni-
tive functions. Our work is translational at its core in that we employ an equal mix
of basic-science projects in healthy individuals with clinical studies in patient
groups. Our approach is to first develop novel assays of a given cognitive function
in healthy individuals, which are then deployed in populations of interest. The
mission of the lab is to understand the underlying neurobiology of developmental
disorders, as a means to develop more effective treatments and interventions, and
we have worked extensively in adolescent Schizophrenia, Autism Spectrum
Disorder, ADHD and Aging. With a $2.8 million grant awarded by the National
Institutes of Health, we are examining whether multisensory integration (i.e., the
brain’s processing of information from different senses) is impaired in people with
autism. Another area of major focus for us is the basic neurobiology of attention,
with more than 60 of our over 150 papers concentrating on the mechanisms of
attentional control. This latter work is supported by a grant from the National
Science Foundation (NSF).
Frey, H-P., Kelly, S.P., Lalor, E.C. and Foxe, J.J. (2010) Early spatial attentional modulation of inputs to the
fovea. Journal of Neuroscience 30(13): 4547–4551.
Lalor, E.C., and Foxe, J.J. (2010) Neural responses to uninterrupted natural speech can be extracted with
precise temporal resolution. European Journal of Neuroscience 31:189–193.
Snyder, A.C., and Foxe, J.J. (2010) Anticipatory attentional suppression of visual features indexed by
oscillatory alpha-band power increases: a high-density electrical mapping study. Journal of
Neuroscience 30(11): 4024–4032.
Kelly, S.P., Gomez-Ramirez, M., & Foxe, J.J. (2009) The strength of anticipatory spatial biasing predicts
target discrimination at attended locations: a high-density EEG study. European Journal of Neuroscience
30(11): 2224–2234. 117.
De Sanctis, P., Gomez-Ramirez, M., Sehatpour, P., Wylie, G.R. and Foxe, J.J. (2009) Preserved executive
function in high-performing elderly is driven by large-scale enhancement of prefrontal cortical mech-
anisms. Human Brain Mapping 30(12): 4198–4214. 148.
Foxe, J.J. (2009) Multisensory integration: frequency tuning of audio-tactile integration. Current Biology
19(9): 373–5.
Sehatpour, P., Molholm, S., Schwartz, T.H., Mahoney, J.R., Mehta, A.D., Javitt, D.C., Stanton, P.K., and Foxe,
J.J. (2008) Long-range oscillatory coherence across a frontal-occipital-hippocampal brain network dur-
ing visual object processing: A human intracranial study. Proceedings of the National Academy of
Sciences USA 105: 4399–4404.
O’Connell, R., Dockree, P.M., Bellgrove, M.A., Hester, R., Garavan, H., Robertson, I.H. and Foxe, J.J. (2007)
The role of Cingulate Cortex in the detection of errors with and without awareness: A high-density
electrical mapping study. European Journal of Neuroscience 25: 2571–2579.
Lalor, E.C., Kelly, S.P., Pearlmutter, B., Reilly, R.B., and Foxe, J.J. (2007) Isolating endogenous visuo-spatial
attentional effects using the novel Visual Evoked Spread Spectrum Analysis (VESPA) technique.
European Journal of Neuroscience 26: 3536–3542.
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Yeap, S., Kelly, S.P., Sehatpour, P., Magno, E., Javitt, D.C., Garavan, H., Thakore, J.H., and Foxe, J.J. (2006)
Early Visual Sensory Deficits as Endophenotypes for Schizophrenia: High-Density Electrical Mapping in
Clinically Unaffected First-Degree Relatives. Archives of General Psychiatry 63: 1180–1188.
Foxe, J.J., Simpson, G.V., Ahlfors, S.P., Saron, C.D. (2005) Biasing the brain’s attentional set: I. Cue driven
deployments of intersensory selective attention. Experimental Brain Research 166: 370–392.
Foxe, J.J., Simpson, G.V. (2005) Biasing the brain’s attentional set: II. Effects of selective intersensory
attentional deployments on subsequent sensory processing. Experimental Brain Research 166:
393–401.
Foxe, J.J., Murray, M.M., Javitt, D.C. (2005) Filling-in in Schizophrenia: a high-density electrical mapping
and source-analysis investigation of illusory contour processing. Cerebral Cortex 15: 1914–1927.



30

Anna Francesconi
Assistant Professor
Neuroscience

Molecular mechanisms of metabotropic glutamate receptor function.
Research in the laboratory focuses on elucidating the molecular and cellular
underpinnings of metabotropic glutamate receptor function in the brain, with the
ultimate goal of developing a molecular rationale for targeted interventions in
neuropsychiatric disorders. A growing body of evidence from studies in human
subjects and animal models has established a link between dysfunctions in gluta-
matergic neurotransmission and developmental brain abnormalities associated
with intellectual disability, autism and schizophrenia. Group I metabotropic glu-
tamate receptors, mGlu1 and mGlu5, are G protein-coupled receptors critical to
the formation and maintenance of brain circuitry and activity-dependent synaptic
plasticity, a cellular substrate of learning and memory. Dysregulation of group I
mGlu receptor activity is implicated in neurodevelopmental disorders including
Fragile X syndrome and schizophrenia.
We use a combination of molecular biology, biochemistry and imaging techniques
to uncover the molecular mechanisms underlying temporo-spatial regulation of
mGluR signaling and to examine mGluR functions in neuronal homeostasis and
synaptic plasticity. Ongoing studies pursue interrelated lines of investigation by
examining the role of adaptor proteins in orchestrating and fine-tuning mGluR
activity under physiological conditions and in animal models of Fragile X syn-
drome; and by investigating the cellular mechanisms by which mGluR signaling
contributes to synaptogenesis and neuronal maturation.
Francesconi, A., Kalinowska, M., Castillo, C. (2014) Quantitative profiling of brain lipid raft proteome in
a mouse model of autism. PLoS One (in revision).
Kumari, R., Castillo, C., and Francesconi, A. (2013) Agonist-dependent signaling by group I metabotrop-
ic glutamate receptors is regulated by association with lipid domains J. Biol. Chem. 288, 32004–32019.
Kumari, R., and A. Francesconi. (2011). Identification of GPCR localization in Detergent-Resistant
Membranes. Methods Mol. Biol. 746:411–423.
Takayasu, Y., Takeuchi, K., Kumari, R., Bennett, M.V., Zukin, R.S., and A. Francesconi. (2010) Caveolin-1
knockout mice exhibit impaired induction of mGluR-dependent long-term depression at CA3-CA1
synapses. Proc. Natl. Acad. Sci. U S A. 107:21778–83.
Francesconi, A., Kumari, R. and R.S. Zukin. (2009). Proteomic analysis reveals novel binding partners of
metabotropic glutamate receptor 1. J. Neurochem. 108:1515–1525.
Francesconi, A., Kumari, R. and R.S. Zukin. (2009). Regulation of group I mGluR trafficking and signaling
by the caveolar/lipid raft pathway. J. Neurosci. 29:3590–3602.
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Lloyd Fricker
Molecular Pharmacology/Neuroscience
Professor

Neuropeptides and peptide hormones function in cell-cell signaling and are
involved with a wide variety of biological functions including feeding and body
weight regulation, fear, anxiety, pain, circadian rhythms, memory, reward mecha-
nisms, and many others. We have discovered a number of novel peptides using
mass spectrometry-based peptidomic techniques. Some of these are neuropep-
tides that function in cell-cell signaling that control feeding/body weight. Many of
the other novel peptides are produced from cytosolic proteins, and not from secre-
tory pathway proteins that are the precursors of classical neuropeptides. Some of
the peptides derived from cytosolic proteins are secreted and bind to extracellular
receptors; these are putative “non-classical” neuropeptides, a novel class of cell-cell
signaling molecule. Further studies are aimed at understanding the mechanisms
by which these peptides are produced, secreted, and regulated, with the overall
goal to identify the peptides' functions.
In addition to peptides, we are also interested in enzymes that modify pep-
tides/proteins. Our laboratory has discovered a dozen different carboxypeptidas-
es and we are currently working towards determining their functions. One car-
boxypeptidase, which we named carboxypeptidase E, is responsible for the for-
mation of many peptide hormones (such as insulin) and neuropeptides (such as
enkephalin). We identified a strain of mouse (named fat/fat) that does not produce
active carboxypeptidase E due to a point mutation; these mice are obese, sterile,
hyperglycemic, and have neurological impairments. In addition to neuropeptide
processing enzymes, several other cellular peptidases are being studied in the lab-
oratory. Current projects use peptidomics and other techniques to identify the
physiological function of the peptidase. Some of the enzymes being studied are the
cytosolic carboxypeptidases; these enzymes modify tubulin (and possibly other
proteins) by removing amino acids from the C-terminus and/or side-chains,
thereby altering the properties of tubulin. Mice lacking cytosolic carboxypeptidase
1 show abnormal movement due to neurodegeneration of cerebellar Purkinje cells.
Another enzyme currently being studied is carboxypeptidase A6; humans with
mutations in this enzyme develop epilepsy. We are studying the role of car-
boxypeptidase A6 in animal models, with a focus on understanding how muta-
tions in the protein lead to epilepsy.
Sapio, M.R. and Fricker, L.D., Carboxypeptidases in disease: Insights from peptidomic studies.
Proteomics: Clinical Applications. Proteomics Clin Appl., 8:327–37, 2014.
Dasgupta, S., Castro, L.M., Dulman, R., Yang, C, Schmidt, M., Ferro, E.S., and Fricker, L.D., Proteasome
inhibitors alter levels of intracellular peptides in HEK293T and SH-SY5Y cells in unpredictable ways,
PLOS One. 9:e103604, 2014.
Wardman J.H. and Fricker, L.D., ProSAAS-derived peptides are differentially processed and sorted in
mouse brain and AtT-20 cells, PLOS One, in press 2014.
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Aristea S. Galanopoulou
Neurology/Neuroscience
Professor/Associate Professor

✒ Models of infantile spasms and early life epilepsy
✒ Identification of new treatments for infantile spasms
✒ Role of inflammation in early life epilepsies
✒ Optimization of preclinical epilepsy research
✒ Role of GABAA signaling and the mTOR pathway in epileptogenesis and brain

development
✒ Effects of early life seizures on brain development
✒ Pathophysiology of Rett Syndrome
West syndrome is one of the catastrophic epileptic encephalopathies of infancy
that usually have poor outcome. The characteristic seizures in this syndrome are
called infantile spasms and the available treatments are not always effective. To
better understand their pathophysiology and design better methods to treat cata-
strophic early life epilepsies, we are developing and studying new models of early
life epilepsy, in collaboration with Solomon Moshé. These include models of
infantile spasms due to structural or other insults (e.g., inflammatory) that reca-
pitulate most of the features of the human condition. Several projects are under-
way to (a) elucidate the pathophysiology of infantile spasms, and (b) conduct pre-
clinical trials to find better treatments for spasms and the associated comorbidi-
ties. Our studies have provided preclinical evidence for new potential treatments
with disease modifying properties for these early life epileptic encephalopathies,
such as mTOR inhibitors and carisbamate. Two of the candidate new treatments
evaluated in our lab have already been designated orphan drugs for infantile
spasms by FDA.
There is an international concern about the translatability of discoveries made in
animal studies to clinically relevant discoveries. Our lab’s investigators have played
leadership roles in an international effort (ILAE, AES supported) to optimize pre-
clinical epilepsy research and form infrastructure that will allow across-study
comparisons of available data, standardization of protocols and design of new pro-
tocols that may advance epilepsy therapy discovery to address the clinical gaps and
needs.
The maturation of GABAA receptor-mediated signaling from depolarizing to
inhibitory is an age-related process controlled by cation chloride cotransporters,
such as KCC2. As a result, GABA exerts dual functions, being an important neu-
rotrophic factor during early development and the principal inhibitory neuro-
transmitter of the mature central nervous system. In our laboratory we have been
investigating the age and gender specific mechanisms through which early life
stressors and seizures may disrupt the normal patterns of brain development, by
disrupting the neurotrophic effects of GABA. We are also studying methods to
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reverse these adverse processes. Furthermore, we are very interested in under-
standing how epileptogenesis proceeds in the developing brain and what is the
specific role of GABAA receptors in this process.
Rett syndrome is one of the major causes of mental retardation and epilepsy. Most
of these patients have mutations in the MeCP2 gene and also manifest abnormal
stereotypic movements and autonomic dysfunction. Despite the devastating
course of the disease, two independent laboratories have recently demonstrated
that, in mice, phenotypic reversal can be achieved by restoring the normal func-
tion of MeCP2. We are using a mouse model of Rett syndrome to determine how
pathogenic mutations of MeCP2 may interfere with the function and physiology
of structures involved in the control of motor system and seizures, like the sub-
stantia nigra and how these processes may be reversed by appropriate therapeutic
interventions.
Students interested in these projects will gain exposure to a variety of in vivo and
in vitro techniques that combine molecular biology, in vivo and in vitro electro-
physiology, histological, and behavioral studies and will be involved in projects
with direct translational relevance to the clinical practice, i.e. identification of
novel therapies.
Briggs SW, Mowrey W, Hall CB, and Galanopoulou AS. CPP-115, a vigabatrin analogue, suppresses
spasms in the multiple-hit rat model of infantile spasms. Epilepsia, (55(1):94–102 (2014).
Jequier Gygax M, Klein B, White HS, Kim M, and Galanopoulou AS. Efficacy and tolerability of the
Galanin Analog NAX 5055 in the multiple-hit rat model of symptomatic infantile spasms. Epilepsy
Research, 108(1):98–108 (2014).
Pardo CA, Nabbout R, Galanopoulou AS. Mechanisms of Epileptogenesis in Pediatric Epileptic
Syndromes: Rasmussen’s Encephalitis, Febrile Infection Related Epilepsy Syndrome (FIRES) and
Infantile Spasms. Neurotherapeutics (2014): 11:297–310.
Simonato M., Brooks-Kayal AR, Engel JJr, Galanopoulou AS, O’Brien TJ, Pitkanen A, Wilcox K, French JA.
The challenge and promise of preclinical therapy development for epilepsy. Lancet Neurology (2014):
13(9): 949–60.
Galanopoulou AS, Kokaia M, Loeb JA, Nehlig A, Pitkanen A, Rogawski MA, Staley KJ, Whittemore VH,
and Edward Dudek F. Epilepsy therapy development: technical and methodologic issues in studies
with animal models. Epilepsia (2013): 54 Suppl 4: p. 13–23.
Galanopoulou AS, Simonato M, French JA, and O'Brien TJ. Joint AES/ILAE translational workshop to
optimize preclinical epilepsy research. Epilepsia (2013): 54 Suppl 4: p. 1–2.
Pitkanen A, Nehlig A, Brooks-Kayal AR, Dudek FE, Friedman D, Galanopoulou AS, Jensen FE, Kaminski
RM, Kapur J, Klitgaard H, Loscher W, Mody I, and Schmidt D. Issues related to development of
antiepileptogenic therapies. Epilepsia (2013): 54 Suppl 4: p. 35–43.
Brooks-Kayal AR, Bath KG, Berg AT, Galanopoulou AS, Holmes GL, Jensen FE, Kanner AM, O'Brien TJ,
Whittemore VH, Winawer MR, Patel M, and Scharfman HE. Issues related to symptomatic and disease-
modifying treatments affecting cognitive and neuropsychiatric comorbidities of epilepsy. Epilepsia
(2013): 54 Suppl 4: p. 44–60.
Galanopoulou AS; Basic mechanisms of catastrophic epilepsy—Overview from animal models. Brain &
Development (2013): 35(8):748-56.
Galanopoulou AS, Gorter JA, Cepeda C; Finding a better drug for epilepsy: the mTOR pathway as an
antiepileptogenic target. Epilepsia 2012; 53(7): 1119–30.
Ono T, Moshé SL, Galanopoulou AS.: Carisbamate acutely suppresses spasms in a rat model of symp-
to- matic infantile spasms. Epilepsia 2011; 52(9): 1678–84.
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Raffo E, Coppola A, Ono T, Briggs SW, Galanopoulou AS: A pulse rapamycin therapy for infantile spasms
and associated cognitive decline. Neurobiol. Dis. 2011; 43(2): 322–9.
Chudomel O, Herman H, Nair K, Moshé SL, Galanopoulou AS. Age- and gender-related differences in
GABA(A) receptor-mediated postsynaptic currents in GABAergic neurons of the substantia nigra retic-
ulata in the rat. Neuroscience: 2009; 163(1): 155–67.
Galanopoulou AS. Dissociated gender-specific effects of recurrent seizures on GABA signaling in CA1
pyramidal neurons: role of GABAA receptors. J Neurosci. 2008; vol 28 (7): 1557–67.
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David Hall
Neuroscience
Professor

The soil nematode Caenorhabdidis elegans is a model system used to study the
genetic control of cellular development. Our laboratory specializes in ultrastruc-
tural studies of the nervous system. We use serial thin sections, electron
microscopy, electron tomography, FIB/SEM and immunocytochemistry as pri-
mary tools to follow the development of identified neurons, particularly their axon
outgrowth and synaptic connectivity.
We host the Center for C. elegans Anatomy, and train students in anatomical
methods for this system. Members of the lab are authoring the website
www.wormatlas.org. It displays nematode anatomy in great detail through multi-
ple applications including Slidable Worm, a handbook of all cells and tissues, a
glossary, and selected html texts of classic papers.
Worm Wiring is a project aiming to complete the wiring diagram for the male
adult and L1 stage nematode, working with Scott Emmons (Molecular Genetics).
See www.wormwiring.org.
Wang, J., Silva M., Haas, L.A., Nguyen, K.C.Q., Hall, D.H. and Barr, M.M. (2014) C. elegans ciliated sensory
neurons release extracellular vesicles that function in animal communication. Curr. Biol. 24: 519–-25
Liu, P., Chen, B., Altun, Z.F., Gross, M.J., Shan, A., Schuman, B., Hall, D.H. and Wang, Z.W. (2013) Six innex-
ins contribute to electrical coupling of C. elegans bodywall muscle. PLoS One Oct. 9;8(10):e76877.
Jarrell, T.A., Wang, Y., Bloniarz, A.E., Brittin, C.A., Xu, M., Thomson, J.N., Albertson, D.G., Hall, D.H. and
Emmons, S.W. (2012) The connectome of a decision-making network. Science 337:437–444.
Hall, D.H., Hartwieg, E. and Nguyen, K.C. Q. (2012) Modern electron microscopy methods for C. elegans.
In Methods in Cell Biology (Eds) Joel Rothman and Andrew Singson. Academic Press, New York, volume
107, pp 93–149.
O’Hagan, R., Piasecki, B., Silva, M., Phirke, P., Nguyen, K.C.Q., Hall, D.H., Swoboda, P. and Barr, M. (2011)
The tubulin deglutamylase CCPP-1 regulates the function and stability of sensory cilia in C. elegans.
Curr. Biol. 21:1685–94.
Toth, M., Melentijevic, I., Shah, L., Bhatia, A., Lu, K., Talwar, A., Naji, H., Ibanez-Ventoso, C., Ghose, P.,
Jevince, A., Xue, J., Herndon, L.A., Bhanot, G., Rongo, C., Hall, D.H., and Driscoll, M. (2011) Neurite sprout-
ing and synapse deterioration in aging C. elegans nervous system. J. Neurosci. 32: 8778–90.
Hall, D.H. and Treinin, M. (2011) How does form relate to sensory arbors? Trends in Neurosci. 34:
443–51.
Neumann, B., Nguyen, K.C.Q., Hall, D.H., Ben-Yakar, A. and Hilliard, M.A. (2011) Axonal regeneration pro-
ceeds through specific axonal fusion in transected C. elegans neurons. Dev. Dyn. 240 DOI:
10.1002/dvdy.2268
Oren-Suissa, M., Hall, D.H., Treinin, M., Shemer, G., and Podbilewicz, B. (2010) The fusogen EFF-1 con-
trols sculpting of mechanosensory dendrites. Science 328:1285–8.
Altun, Z.F., Chen, B., Thomas, J.H., Wang, Z-W. and Hall, D.H. (2009) A high-resolution map of C. elegans
gap junction proteins. Dev. Dynamics 238:1936–1950.
Hall, D.H. and Altun, Z. (2008) C. elegans Atlas. Cold Spring Harbor Laboratory Press, 340 pp.
Jauregui, A.R., Nguyen, K.C.Q., Hall, D.H. and Barr, M.M. (2008) C. elegans nephrocystin-1 and nephro-
cystin-4 modulate cilia development and morphogenesis. J Cell Biol. 180:973–88.
Rowland, A.M., Olsen, J.G., Richmond, J.E., Hall, D.H. and Bamber, B.A. (2006) Presynaptic terminals
independently regulate synaptic clustering and autophagy of GABAA receptors in C. elegans. J.
Neuroscience 26:1711–20.
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Chen, B., Hall, D.H. and Chklovskii, D. (2006) Wiring optimization can related neuronal structure and
function. PNAS 103:4723–4728.
Bénard, C.Y., Boyanov, A., Hall, D.H. and Hobert, O. (2006) DIG-1, a novel giant protein non-
autonomously mediates maintenance of nervous system architecture. Development 133:3329–40.
Altun, Z., Lints, R. and Hall, D.H. (2006) Nematode neurons. Anatomy and anatomical methods. Int. Rev.
Neurobiol., 69: 1–35.
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Jean Hébert
Neuroscience
Professor

Generating and regenerating the neocortex
The Hébert lab is interested in two broad questions: how the forebrain develops
and how parts of it can be regenerated in the adult. In particular, we are interest-
ed in understanding how a simple sheet of neuroepithelial cells early in embryo-
genesis can develop into the adult neocortex, the part of our brains that we use for
our highest cognitive and perceptual functions. Essential to this understanding is
the identification of the signals that pattern the early forebrain and regulate the
fate of neural stem cells and progenitor cells throughout development and in the
adult.
The primary approach we are using to test the roles of candidate signaling mole-
cules in embryos, postnatal animals, and adults is a conditional genetic approach
in the mouse. This approach, which uses CRE/loxP technology, allows us to test
the function of particular factors by deleting or overexpressing the genes that
encode them specifically in the neocortex. In addition, studies in the adult also
require approaches including stem cell transplants and viral delivery of genes to
evaluate the feasibility of using genetically modified neural progenitor cells, alone
or in combination with modified cellular environments, to achieve regeneration of
damaged neocortices.
Kang W, Balordi F, Su N, Chen L, Fishell G, Hébert JM. (2014). Astrocyte activation in both normal and
injured brain is suppressed by FGF signaling. PNAS, in press.
Antoine M, Hübner CA, Arezzo JC, Hébert JM. (2013). A causative link between inner ear defects and
long-term striatal dysfunction. Science 341: 1120–1123.
Diaz F, McKeehan N, Kang W, Hébert JM. (2013). Apoptosis of glutamatergic neurons fails to trigger a
neurogenic response in the adult neocortex. J. Neuroscience 33: 6278–6284.
Hébert JM. (2013). Only scratching the cell surface; extracellular signals in cerebrum development.
Curr. Opin. Genet. Dev. 23: 470–474.
Paek H, Hwang JY, Zukin RS, Hébert JM. (2011). b-catenin-dependent FGF signaling sustains cell sur-
vival in the anterior embryonic head by countering Smad4. Developmental Cell 20: 689–699.
Kang W, Wong LC, Shi S, Hébert JM. (2009). The transition from radial glial to intermediate progenitor
cell is inhibited by FGF signaling during corticogenesis. J. Neuroscience 29: 14571–14580.
Paek H, Gutin G, Hébert JM. (2009). FGF signaling is strictly required to maintain early telencephalic
precursor cell survival. Development 136: 2457–2465.
Hébert JM, Fishell G. (2008). The genetics of telencephalon patterning, some assembly required. Nat.
Rev. Neurosci., 9: 678–685.
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Asao Hirano
Pathology/Neuroscience
Professor

Current interest is cytopathology of motor neuron disease.
Kusaka H, Hirano A. (1999) chapter 7: Cytopathology of the motor neuron. In younger DS, ed The Motor
Disorders. Lippincott-Raven Publishers, New York; pp 93–101.
Nakano I, Hirano A. (1999) Ultrastructural changes in dementing illnesses. In, Jones EG, Peters A, eds.
Neurodegenerative and Age-Related Changes in Cerebral Cortex, Cerebral Cortex, volume 14. Plenurn
Publishing Corporation, New York pp 399–431.
Hirano A. (1998) Astrocyte: Neuropathologia View Point. In, Ikuta F., ed. Glia Cell. Kubapuro, Tokyo 1998;
pp 111–131.
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Noboru Hiroi
Psychiatry/Neuroscience
Professor

Molecular and Cellular Bases of Developmental Neuropsychiatric Disorders
The primary aim of this laboratory is to more fully understand the molecular and
cellular bases of developmental neuropsychiatric disorders. The human genome
includes many variations, ranging from duplications and deletions of full chro-
mosomes to single nucleotide polymorphisms. In particular, a large number of
kilo- to mega-base copy number variations (CNVs) are associated with autism
spectrum disorder, mental retardation, and schizophrenia. Children and adoles-
cents with 22q11.2 duplications and deletions consistently exhibit these neuropsy-
chiatric disorders, along with associated cognitive and intellectual impairments
during development. However, because duplications and deletions of 22q11.2
encompass 1.5 Mb or larger regions, it is not possible to determine whether seg-
ments or single genes are responsible for specific phenotypes in humans. To cir-
cumvent this obstacle, our laboratory examines the role of individual 22q11 genes
in distinct aspects of behavior in genetically engineered mice. We have identified
two small human 22q11.2 segments of which over-expression during development
causes behavioral phenotypes consistent with neuropsychiatric disorders. Our
current work examines the role of each of the genes encoded in the segments in
behavioral, neuronal and synaptic phenotypes relevant to neuropsychiatric disor-
ders in mice.
Boku, S., Toda, H., Nakagawa, S., Kato, A., Inoue, T., Koyama, K., Hiroi, N., Kusumi, I. Neonatal maternal
separation alters the capacity of adult neural precursor cells to differentiate into neurons via methyla-
tion of retinoic acid receptor gene promoter Biol Psychiatry (in press)
Hiroi N. Small Cracks in the Dam: Rare genetic variants provide opportunities to delve into mecha-
nisms of neuropsychiatric disorders. Biol Psychiatry. 76(2):91–2 (2014).
Hiroi, N., Takahashi, T., Hishimoto, A.,Izumi, T., Boku, S., Hiramoto, T. Copy Number Variation at 22q11.2:
from rare variants to common mechanisms of developmental neuropsychiatric disorders. Molecular
Psychiatry 18(11):1153–65 (2013)
Harper, K.M., Hiramoto, T., Tanigaki, K., Kang, G., Suzuki, G., Trimble, W., Hiroi, N. Alterations of social
interaction through genetic and environmental manipulation of the 22q11.2 gene Sept5 in the mouse
brain. Human Mol Genet May 30, (2012).
Hiramoto, T., Kang, G., Suzuki, G., Satoh, Y., Kucherlapati, R., Watanabe, Y., Hiroi, N. Tbx1: identification
of a 22q11.2 gene as a risk factor for autism spectrum disorder in a mouse model. Human Mol Genet,
20(24):4775–85 (2011).
Suzuki G, Harper KM, Hiramoto T, Funke B, Lee M, Kang G, Buell M, Geyer MA, Kucherlapati R, Morrow
B, Männistö PT, Agatsuma S, Hiroi N. Over-expression of a human chromosome 22q11.2 segment
including TXNRD2, COMT, and ARVCF developmentally affects incentive learning and working memo-
ry in mice. Hum Mol Genet. 18(20):3914–25. (2009).
Suzuki G, Harper KM, Hiramoto T, Sawamura T, Lee M, Kang G, Tanigaki K, Buell M, Geyer MA, Trimble
WS, Agatsuma S, Hiroi N. Sept5 deficiency exerts pleiotropic influence on affective behaviors and cog-
nitive functions in mice. Hum Mol Genet. 18(9):1652–60. (2009).
Hiroi N, Zhu H, Lee M, Funke B, Arai M, Itokawa M, Kucherlapati R, Morrow B, Sawamura T, Agatsuma S.
A 200-kb region of human chromosome 22q11.2 confers antipsychotic-responsive behavioral abnor-
malities in mice. Proc Natl Acad Sci USA;102(52):19132–7 (2005).
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Bryen Jordan
Neuroscience/ Psychiatry and Behavioral Sciences
Assistant Professor

Exploring synaptic function and activity-dependent synapse-to-nucleus signal-
ing
An important question in neuroscience is how does neuronal activity alter neu-
ronal connectivity. This question is critically important since changes in connec-
tivity and transmission underlie higher order brain functions such as learning and
memory and likely play a role in the cognitive deficits observed in many neuro-
logical diseases. To explore this question, we employ proteomics and mass spec-
trometry, which provide us with a global overview of synaptic and nuclear com-
plexity and allow us to explore their dynamics. Using these methods, we found
that a number of synaptic components can shuttle to the neuronal nucleus in
response to synaptic activity. These include PRR7 and AIDA-1, which binds to
NMDA receptors (NMDAR) and links synaptic activity to nuclear functions.
Recent studies implicate AIDA-1 in diverse psychiatric and developmental disor-
ders including schizophrenia and Autism spectrum disorders. A single nucleotide
polymorphism (SNP) in the AIDA-1 gene (ANKS1b) is associated with response
to antipsychotics, suggesting AIDA-1 may play a role in schizophrenia. Moreover
copy number variations (CNVs) and SNPs of AIDA-1 have been identified in
patients with autism and correlate positively with impaired play skills in ASD.
Moreover we have recently found that AIDA-1 can regulate the metabolism of the
Amyloid Precursor Protein (APP) in neurons. AIDA-1 can promote the genera-
tion of amyloid beta peptides by regulating APP internalization, and may there-
fore it may play an important role in Alzheimer’s disease.
Moreover we found that certain RNA binding proteins (RNABPs) shuttle back
into synaptic junctions in response to neuronal activity. We have recently shown
that one of these proteins, Sam68, regulates the synaptic and dendritic expression
of beta-actin and is crucial for proper spine morphology and synaptic function.
Sam68 has been recently implicated in Fragile X-associated Tremor/Ataxia
Syndrome (FXTAS), which is a neurodegenerative disorder caused by mutations
upstream of the FMR1 gene. We are therefore investigating if Sam68-dependent
protein translation of cytoskeletal components can affect synaptic function and
plasticity and ultimately behavior. We believe Sam68 plays a role in the generation
and refining of neuronal networks. Understanding precisely how neurons regulate
specific connections amongst their many thousand inputs is a central question in
neuroscience. Therefore our lab employs broad-based proteomics methods to
understand how synapses relay fast synaptic information to the nucleus and back,
what are the key players in this process, and what role do these molecules play in
brain pathologies.
Klein ME, Younts TJ, Castillo PE, Jordan BA. RNA-binding protein Sam68 controls synapse number and
local -actin mRNA metabolism in dendrites. PNAS 2013 Feb 19;110(8):3125–30
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Mulholland PJ, Jordan BA, Chandler LJ. Chronic ethanol up-regulates the synaptic expression of the
nuclear translational regulatory protein AIDA-1 in primary hippocampal neurons. Alcohol. 2012
Sep;46(6):569–76.
Zhang G, Neubert TA, Jordan BA. (2012) RNA binding proteins accumulate at the postsynaptic density
with synaptic activity. J Neurosci. 32:599–609.
Jacob AL, Jordan BA, Weinberg RJ. (2010) Organization of amyloid-beta protein precursor intracellular
domain-associated protein-1 in the rat brain. J Comp Neurol. 518:3221–36.
Jordan BA, Kreutz MR. (2009) Nucleocytoplasmic protein shuttling: the direct route in synapse-to-
nucleus signaling. Trends in Neurosci (TINS). 32:392–401.
Jordan BA., Fernholz BD., Khatri L., Ziff EB. (2007) NMDA receptor-dependent AIDA-1 synapse-to-nucle-
us signaling regulates nucleolar number in neurons. Nat. Neurosci. 10:427–35.
Jordan BA, Ziff EB. To the Nucleus with Proteomics. In Regulation of Transcription by Neuronal Activity.
Edited by: Dudek SM. Springer Science; November 2007.
Jordan BA., Ziff EB. (2006) Getting to synaptic complexes through systems biology. Genome Biology
7:214. doi:10.1186/gb-2006-7-4-214.
Monea, S., Jordan BA., Srivastava S., DeSouza S., and Ziff EB. (2006) Membrane Localization of
Membrane Type 5 Matrix Metalloproteinase by AMPA Receptor Binding Protein and Cleavage of
Cadherins. J. Neurosci. 26: 2300–2312.
Jordan BA, Fernholz BD, Neubert TA, Ziff EB. (2006) New tricks for an old dog: proteomics of the PSD.
In The Dynamic Synapse: Molecular Methods in Ionotropic Receptor Biology. Volume 29. Edited by: Kittler
JT, Moss SJ. Boca Raton: CRC/Taylor & Francis:37–55.
Jordan, BA., Fernholz, BD., Boussac, M., Xu, C., Grigorean, G., Ziff, EB., and Neubert, TA. (2004)
Identification and Verification of Novel Rodent Postsynaptic Density Proteins. Mol. Cell. Proteomics
3(9):857–71.
Jordan BA, Gomes I, Rios CD, Filipovska J, Devi L. (2003) mu opioid and a2a-adrenergic receptor inter-
actions in neurons. Mol Pharm 64(6) 1317–1324.
Gomes I, Filipovska J, Jordan BA, Devi LA. (2002) Oligomerization of opioid receptors. Methods 27 (4):
358–365.
Rios CD, Jordan BA, Gomes I, and Devi LA. (2001) G-protein-coupled receptor dimerization: modulation
of receptor function. Pharmacol Therapeut 92 (2-3): 71–87.
Gomes I, Jordan BA, Gupta A, Rios C, Trapaidze N, Devi LA. (2001) G protein coupled receptor dimer-
ization: implications in modulating receptor function. Journal of Mol Med 79 (5–6):226–242.
Jordan, BA., Trapaidze, N., Gomes, I., Nivarthi, R., and Devi, L. (2001) Opioid receptors heterodimerize
with beta-adrenergic receptors: A role in trafficking and MAPK activation. PNAS 98(1):343–348.
Gomes, I., Jordan, BA., Nagy, V., Trapaidze, N., Bansinath, M. and Devi, L. (2000) Interaction between Mu
and Delta opioid receptors: A role for dimerization in opioid receptor cross-talk. J. Neurosci. 20: RC110.
Jordan, BA., Cvejic, S., and Devi, L. (2000) Opioids and their complicated receptor complexes,
Neuropsychopharmacology. 19, 19–27.
Jordan, BA., Cvejic, S. and Devi, L. (2000) Kappa opioid receptor endocytosis by dynorphin peptides,
DNA Cell Biol. 19, 19–27.
Jordan, BA. and Devi, L. (1999) G protein coupled receptor heterodimerization modulates receptor
function. Nature 399, 697–700.
Jordan, B. and Devi, L. (1998) Molecular mechanisms of opioid receptor signal transduction. Br J
Anaesta 81:12–19.
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Kamran Khodakhah
Neuroscience
Professor and Interim Chair

The goal of our laboratory is to understand the role of the cerebellum and basal
ganglia in motor function and in movement disorders. Of particular interest to us
is not only to understand the role of each structure in motor control, but also the
manner in which they communicate to coordinate and complement each other.
We approach these questions from both basic science and clinical perspectives. We
use a combination of techniques, from behavioral studies to imaging and two pho-
ton microscopy and electrophysiology (both in vitro and in vivo). Our studies take
advantage of normal and transgenic animal models.
Calderon DP, Fremont R, Kraenzlin F, Khodakhah K. (2011) The neural substrates of rapid-onset
Dystonia-Parkinsonism. Nat Neurosci. Mar;14(3):357–65.
Dizon MJ, Khodakhah. (2011) The role of interneurons in shaping Purkinje cell responses in the cere-
bellar cortex.K. J Neurosci. Jul 20;31(29):10463–73.
Alviña K, Khodakhah K. (2010) The therapeutic mode of action of 4-aminopyridine in cerebellar ataxia.
J Neurosci. 26;30(21):7258–68.
Walter JT, Khodakhah K. (2009) The advantages of linear information processing for cerebellar compu-
tation. Proc Natl Acad Sci U S A. 106(11):4471–6
Alviña K, Walter JT, Kohn A, Ellis-Davies G, Khodakhah K. (2008) Questioning the role of rebound firing
in the cerebellum. Nat Neurosci. 11(11):1256–8.
Walter JT, Khodakhah K. (2006) The linear computational algorithm of cerebellar Purkinje cells. J
Neurosci. 13;26(50):12861–72.
Walter JT, Alviña K, Womack MD, Chevez C, Khodakhah K. (2006) Decreases in the precision of Purkinje
cell pacemaking cause cerebellar dysfunction and ataxia. Nat Neurosci. 9(3):389–97.
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Adam Kohn
Neuroscience
Associate Professor

Our laboratory studies the neural circuits that underlie visual perception, a gener-
al issue that we approach from several directions. For instance, we study how the
responsivity and tuning of cortical neurons is altered by recent stimulus history.
This form of rapid plasticity—termed adaptation—has strong perceptual effects,
allowing us to explore the neurophysiological underpinnings of perceptual phe-
nomena. In addition, we are interested in understanding the functional benefit of
adaptation and in learning how adaptation early in the visual system affects sub-
sequent stages of processing. We hope that by understanding the principles of
adaptation we will also gain insight into other forms of plasticity such as percep-
tual learning and recovery from injury. We also study how populations of neurons
function together to encode information about the visual world. We record from
small populations of neurons simultaneously and measure the correlation of their
responses. In particular, we explore how correlation depends on stimulus param-
eters, recent stimulus history, and cortical location. The primary techniques of the
lab are neurophysiological recordings, computational modeling, and psy-
chophysics. We hope that employing a range of experimental techniques will help
us understand the computations carried out by the visual system and the circuits
that perform them.
Jia X, Tanabe S, Kohn A (2013) Gamma and the coordination of spiking activity in early visual cortex.
Neuron 77(4): 762–774.
Jia X, Xing D, Kohn A (2013) No consistent relationship between gamma power and peak frequency in
macaque primary visual cortex. J Neurosci. 33(1): 17-25.
Patterson CA, Wissig SC, Kohn A (2013) Distinct effects of brief and prolonged adaptation on orienta-
tion tuning in primary visual cortex. J Neurosci. 2013 Jan 9;33(2):532–43.
Wissig S, Kohn A (2012) The influences of surround suppression on adaptation effects in primary visu-
alcortex. Journal of Neurophysiology. 107: 3370–3384.
Graf ABA, Kohn A, Jazayeri M, Movshon JA (2011) Decoding the activity of neuronal populations in
macaque primary visual cortex. Nature Neuroscience. 14: 239–245.
Kohn A, Zandvakili A, Smith MA (2009) Correlations and brain states: from electrophysiology to func-
tional imaging. Current Opinion in Neurobiology 9: 434–438.
Cohen MR, Kohn A. (2011) Measuring and interpreting neuronal correlations. Nat Neurosci. Jun
27;14(7):811–9.
Jia X, Smith MA, Kohn A. (2011) Stimulus selectivity and spatial coherence of gamma components of
the local field potential. J Neurosci. Jun 22;31(25): 9390–403.
Smith MA, Kohn A. (2008) Spatial and temporal scales of neuronal correlation in primary visual cortex.
J Neurosci. Nov 26;28(48):12591–603.
Kohn A. (2007) Visual adaptation: physiology, mechanisms, and functional benefits. J Neurophysiol.
May;97(5):3155–64.
Kohn A, Smith MA. (2005) Stimulus dependence of neuronal correlation in primary visual cortex of the
macaque. J Neurosci. Apr 6;25(14):3661–73.
Kohn A, Movshon JA. (2004) Adaptation changes the direction tuning of macaque MT neurons. Nat
Neurosci. Jul;7(7):764–72.
Kohn A, Movshon JA. (2003) Neuronal adaptation to visual motion in area MT of the macaque. Neuron.
Aug 14;39(4):681–91.



44

Herb Lachman
Psychiatry and Behavioral Sciences/Medicine/Neuroscience
Professor

Schizophrenia (SZ) is a common psychiatric disorder affecting ~1% of humanity,
leading to a lifetime of disability for a majority of patients. Twin studies show a
high level of heritability (~80%). However, lack of complete concordance in
monozygotic twins suggests that environmental and epigenetic factors might play
a substantial role in disease pathogenesis. A significant obstacle in studying the
molecular basis of SZ and other neuropsychiatric disorders is the inaccessibility of
the human brain, which has restricted molecular studies, such as gene expression
profiling and epigenetic analysis, to autopsy samples. While some interesting find-
ings have been made using postmortem brain, interpreting the data is associated
with numerous confounding factors. In addition, since SZ is believed to be a devel-
opmental disorder, studying molecular events in postmortem samples is limiting.
The discovery of induced pluripotent stem cells (iPSCs) provides an opportunity
to create patient-specific neurons in vitro. The Lachman lab has been developing
iPSCs cells from controls and patients with SZ, including a subset that carries a
well characterized 22q11.2 del found in ~1% of patients. Neurons derived from
both are being subjected to gene expression profiling using RNA-seq and epige-
netic analysis to identify patient vs control differences. We are particularly inter-
ested in characterizing miRNAs and long non-coding RNAs in this system. It
should be noted that one of the genes in the 22q11.2 deleted region is DGCR8,
which is involved in miRNA processing. In addition, we are using a gene knock-
down approach to identify downstream targets of genes that code for transcription
factors implicated in the development of subgroups of SZ. The ultimate goal is to
identify molecular pathways that could be targets for developing novel drug ther-
apies.
Herbert M. Lachman, Cathy S.J. Fann, Michael Bartzis, Oleg V. Evgrafov, Richard N. Rosenthal, Edward V.
Nunes, Christian Miner, Maria Santana, Jebediah Gaffney, Amy Riddick, Chia-Lin Hsu, James Knowles
(2007) Genomewide Suggestive Linkage of Opioid Dependence to Chromosome 14q. Human
Molecular Genetics 16(11):1327–1334
Herbert M. Lachman Oriana A. Petruolo Erika Pedrosa, Tomas Novak, Karen Nolan, Pavla Stopkova
(2008). Analysis of protocadherin alpha gene deletion variant in bipolar disorder and schizophrenia (in
press: Psychiatric Genetics 18(3):110–115.
Erika Pedrosa, Radu Stefanescu, Oriana Petruolo, Yungtai Lo, Karen Nolan, Pavla Stopkova, Herbert M.
Lachman (2008). Analysis of protocadherin alpha gene enhancer polymorphism in bipolar disorder
and schizophrenia (Schizophrenia Research). 102 (1-3):210–219.
Rael D. Strous MD, Michael S. Ritsner MD PhD, Shmulik Adler BA, Yael Ratner MD, Rachel Maayan PhD,
Moshe Kotler MD, Herbert Lachman MD, Abraham Weizman MD (2009) Improvement of Aggressive
Behavior and Quality of Life Impairment Following S-Adenosyl-Methionine (SAM-e) Augmentation in
Schizophrenia Eur. Neuropsychopharm. in press 19(1):14–22
Erika Pedrosa, Joseph Locker, Herbert M. Lachman (2009). Survey of schizophrenia and bipolar disor-
der candidate genes using chromatin immunoprecipitation and tiled microarrays (ChIP-chip) Journal
of Neurogenetics, 18:1–12.
Erika Pedrosa, Karen A. Nolan, Radu Stefanescu, Pnina Hershcovitz, Tomas Novak, Ilja Zukov, Pavla
Stopkova (2009) Herbert M. Lachman Analysis of a promoter polymorphism in the SMDF neuregulin 1
isoform in schizophrenia Neuropsychobiology 59:205–212.
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Joshua T Kantrowitz, Karen Nolan, Srijan Sen, Arthur Simen, Herbert Lachman, Malcolm B Bowers
(2009) Adolescent Cannabis Use, Psychosis and Catechol-O-Methyltransferase Genotype in African
Americans and Caucasians. Psychiatr Q. 2009 Jul 25..
Erika Pedrosa, Abhishek Shah, Christopher Tenore, Michael Capogna, Catalina Villa, Herbert M.
Lachman. Beta-catenin promoter ChiP-chip reveals potential schizophrenia and bipolar disorder gene
network. J Neurogenet. 2010 Dec;24(4):182–93
Abhishek K. Shah, Nina M Tioleco, Karen Nolan, Joseph Locker, Katherine Groh, Catalina Villa, Tomas
Novak, Pavla Stopkova, Erika Pedrosa, Herbert M. Lachman Rare NRXN1 promoter variants in patients
with schizophrenia. Neuroscience Letters, 2010 475(2):80–4
Pedrosa E, Sandler V, Shah A, Carroll R, Chang C, Rockowitz S, Guo X, Zheng D, Lachman HM.
Development of Patient-Specific Neurons in Schizophrenia Using Induced Pluripotent Stem Cells. J
Neurogenet. 2011, 25(3):88–103
Mingyan Lin, Erika Pedrosa, Abhishek K. Shah, Anastasia Hrabovsky, Shahina Maqbool, Deyou Zheng,
Herbert M. Lachman. Deep sequencing transcriptome analysis of human neurons derived from
induced pluripotent stem cells identifies candidate long non-coding RNAs involved in neurogenesis
and neuropsychiatric disorders. PLoS One, 2011;6(9):e23356.
Mingyan Lin, Anastasia Hrabovsky, Erika Pedrosa, Tao Wang, Deyou Zheng, Herbert M. Lachman.
Allele-biased expression in differentiating human neurons: implications for neuropsychiatric disorders.
PLoS One. 2012;7(8):e44017. Epub 2012 Aug 30.
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Jorge LaRocca
Neurology/Neuroscience
Associate Professor

The overall aim of our research is to study the signalling mechanisms that partic-
ipate in the regulation of myelin biogenesis. The myelin sheath is a highly special-
ized membranous structure that surrounds axons of the central and peripheral
nervous systems and is essential for normal saltatory axonal conduction. The dis-
ruption of this membrane, for example in multiple sclerosis, leads to irreparable
consequences. Myelin in the central nervous system (CNS), arises from the cellu-
lar processes that extend from the oligodendrocyte perikaryon to wrap a segment
of axon in a spiral manner. Myelin biogenesis is a highly regulated process that
requires the coordination of several oligodendrocytic events including lipid and
protein synthesis, intracellular membrane trafficking and changes in cell shape.
Intracellular vesicle transport plays a major role in the formation and maintenance
of myelin. Individual myelin components are synthesized in different cellular
compartments, sorted out and transported to the site of myelin formation by sev-
eral different mechanisms. Some of the myelin protein including proteolipid pro-
tein (PLP) and myelin associated glycoprotein (MAG), are synthesized in the
endoplasmic reticulum and transported via intracellular vesicles first to the Golgi
and then to myelin. The fundamental importance of intracellular vesicular trans-
port is further indicated by the occurrence of endocytosis in oligodendrocyte
processes and myelin. Strict control of this traffic is necessary for preserving the
structural and functional organization of oligodendrocytes and myelin. Our
research is oriented toward: 1) Defining the intracellular membrane transport
pathways in the oligodendrocytes. 2) Dissecting the molecular mechanisms that
regulate the different trafficking pathways. 3) Understanding how the different
routes of intracellular trafficking are integrated. 4) Determining how intracellular
transport of vesicles is related to the regulation of other cellular events, such as
protein and lipid synthesis, and organization of the cytoskeleton. We demonstrat-
ed the presence in the oligodendrocytes of several GTP-binding proteins includ-
ing members of the Rab, Arf and Rho families. Evidence showed that Rab proteins
are key components of the mechanisms that regulated intracellular traffic of mem-
branes. Each Rab family member is located in a specific region (exocytic, endo-
cytic, or transcytotic) and regulates a particular step of vesicular traffic. In our cur-
rent studies, the different intracellular membrane trafficking pathways in living
cells are visualized by fluorescent microscopy analysis of oligodendrocytes
expressing fusion proteins of Rab proteins with EYFP (a fluorescent protein). The
involvement of the different pathway in the myelin formation is assess by co-
expression of Rab-EYFP and myelin proteins such as myelin associated glycopro-
tein (MAG) tagged with ECFP, and by comparing the distribution of ECFP-tagged
myelin proteins co-expressed with dominant negative mutants of Rab proteins. In
addition, to define the molecular mechanisms in which the oligodendrocyte Rab
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proteins participate, we are using molecular cloning in a two-hybrid system for
identification of the proteins that interact with the oligodendrocyte Rab proteins.
Larocca J.N. and Rodriguez-Gabin A.G. (2002) Myelin Biogenesis: Vesicle transport in oligodendrocytes.
Neurochem. Res. 27:1313–29.
Rodriguez-Gabin, A. G., Almazan, G. and Larocca, J. N. (2004) Vesicle Transport in Oligodendrocytes:
Role of Rab40c. J. Neurosci. Res. 76:758–770.
Larocca, J. N. and Norton, W.T. (2007) Isolation of Myelin. Current Protocols in Cell Biology. Chapter
3:Unit3.25. Curr Protoc Cell Biol.
Rodriguez-Gabin, A.G., Yin, X., Si, Q. and Larocca, J.N. (2009) Transport of mannose-6-phosphate recep-
tors from the trans Golgi network to endosomes requires Rab31. Exp Cell Res. 315(13):2215–30.
Rodriguez-Gabin, A.G., Ortiz, E., Demoliner, K., Si, Q., Almazan, G. and Larocca, J.N. (2010) OCRL-1 trans-
port regulation in oligodendrocytes: Interaction with Rab31. J. Neuroscience Res. 88(3): 589–604.
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Alan D. Legatt
Neurology/Neuroscience
Professor/Assistant Professor

✒ Intraoperative neurophysiologic monitoring.
✒ Topographic analysis of evoked potentials and identification of evoked poten-

tial generators.
✒ Studies of seizures and EEG spikes recorded during longterm monitoring in

patients with epilepsy.
Fried SJ, Legatt AD (2012) The utility of a forehead-to-inion derivation in recording the subcortical far-
field potential (P14) during median nerve somatosensory evoked potential testing. Clin EEG Neurosci,
43:121–126.
Legatt AD (2012) Brainstem Auditory Evoked Potentials: Methodology, Interpretation, and Clinical
Application. In: Aminoff MJ (Ed.), Aminoff’s Electrodiagnosis in Clinical Neurology. 6th Edition, Elsevier,
Philadelphia, pp. 519–552.
Nuwer MR, Emerson RG, Galloway G, Legatt AD, Lopez J, Minahan R, Yamada T, Goodin DS, Armon C,
Chaudhry V, Gronseth GS, Harden CL (2012) Evidence-based guideline update: Intraoperative spinal
monitoring with somatosensory and transcranial electrical motor evoked potentials: Report of the
Therapeutics and Technology Assessment Subcommittee of the American Academy of Neurology and
the American Clinical Neurophysiology Society. Neurology, 78:585–589.
Legatt AD (2011) Evoked potentials in the assessment of patients with suspected psychogenic senso-
ry symptoms. In: Hallett M, Lang AE, Jankovic J, Fahn S, Halligan P, Voon V, Cloninger CR (Eds.),
Psychogenic Movement Disorders and Other Conversion Disorders. Cambridge University Press,
Cambridge, United Kingdom, pp. 209–216.
Legatt AD. Brainstem auditory evoked potentials(BAEPs) and intraoperative BAEP monitoring (2010)
In: Eggers SDZ, Zee DS (Eds.), Vertigo and Imbalance: Clinical Neurophysiology of the Vestibular
System. Handbook of Clinical Neurophysiology, Volume 9. Elsevier, Amsterdam, pp. 282–302.
Fishman O, Legatt AD (2010) PLEDS following control of seizures and at the end of life. Clin EEG
Neurosci 41:11–14.
Legatt AD (2010) Intraoperative Evoked Potential Monitoring. In: Schomer DL, Lopes da Silva F (Eds.),
Niedermeyer’s Textbook of Electroencephalography: Basic Principles, Clinical Applications, and Related
Fields, 6th Edition. Lippincott William & Wilkins, Philadelphia, pp. 767–786.
Legatt AD, Pascual-Leone A, Rotenberg A (2010). Technical Aspects of Transcranial Magnetic and
Electrical Stimulation. In: Schomer DL, Lopes da Silva F (Eds.), Niedermeyer’s Textbook of
Electroencephalography: Basic Principles, Clinical Applications, and Related Fields, 6th Edition. Lippincott
William & Wilkins, Philadelphia, pp. 1129–1138.
Greaney PJ, Cordisco M, Rodriguez D, Newberger J, Legatt AD, Garfein ES (2010) Use of an extracorpo-
real membrane oxygenation circuit as a bridge to salvage a major upper-extremity replant in a criti-
cally ill patient. J Reconstr Microsurg 26:517–522.
Cherian K, Weidenheim K, Legatt A, Shifteh K, Abbott IR, Moshé SL (2009) Extensive apoptosis in a case
of intractable infantile status epilepticus. Epilepsy Research 85:305–310.
Gallagher A, Bastien D, Pelletier I, Vannasing P, Legatt AD, Moshé SL, Jehle R, Carmant L, Lepore F,
Béland R, Lassonde M (2008). A non-invasive pre-surgical expressive and receptive language investi-
gation in a 9-year-old epileptic boy using near-infrared spectroscopy (NIRS). Epilepsy Behavior,
12:340–346.
Legatt AD, Ebersole JS (2008) Options for long-term monitoring. In: Engel J Jr and Pedley TA (Eds.),
Epilepsy: A Comprehensive Textbook, 2nd Edition. Lippincott, Williams, & Wilkins, Philadelphia
1077–1084.
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Michael Lipton
Radiology/Neuroscience
Associate Professor

My major research interest is in the application of quantitative functional and
structural imaging techniques to the delineation of brain substrates of cognitive
and behavioral impairment, with focus on the effects of mild traumatic brain
injury (mTBI). An important pathologic and clinical feature of mTBI is the fact
that the full severity of injury seems to evolve during the post-injury period; both
initial injury and secondary host responses are likely required for full expression
of mTBI lesions. It follows that a therapeutic window of opportunity may exist fol-
lowing injury, during which silencing host responses to injury could abort the evo-
lution of mTBI pathology and improve outcomes. However, we also know that
most patients recover following mTBI and only a minority proceed to long-term
impairment and disability. Thus, understanding the temporal evolution of injury
AND identifying the subgroup of patients likely to suffer adverse outcomes are
both important research priorities. My laboratory utilizes high-resolution diffu-
sion tensor MRI, detailed cognitive assessments and genetic assays in a longitudi-
nal design. To date we have demonstrated, both at the time of injury and in chron-
ic cognitively impaired patients, multifocal low fractional anisotropy (FA) in a pat-
tern consistent with the distribution of axonal pathology in diffuse axonal injury.
Measures derived from diffusion tensor imaging (DTI), such as FA, allow us to
infer the relative organization of white matter structure at the cellular and subcel-
lular levels. Although such DTI “lesions” are touted as evidence of disruption of
microscopic white matter structure, an intuitive “fit” for the expected axonal
pathology of mTBI, it is not clear that these “lesions” in fact reflect important
axonal injury. No robust animal model of cognitive dysfunction following mTBI
exists and it is unlikely that pathologic correlation will ever be achievable in
humans. Thus, correlation of DTI with functional measures is needed to validate
its predictive value. To this end, we have reported correlation of the magnitude of
decline in FA in dorsolateral prefrontal cortex with performance on specific
aspects of executive function that depend on the integrity of this brain region
(Lipton, et al. 2009). Furthermore, the laboratory is amassing a growing body of
longitudinal data which demonstrates change in white matter anisotropy that par-
allels changes in cognitive performance, suggesting that the imaging measures
may in fact differentiate progressive and recovering loci of injury in TBI. These
first structure-function connections in the setting of impairment due to mTBI set
the stage for our ongoing studies addressing potential approaches to forecast long-
term impairment and monitor progression/repair of injury in follow-up. In paral-
lel with my study of human TBI, we are implementing parallel animal experiments
to better validate the imaging measures as proxy markers for injury. We will also
begin to examine molecular mechanisms of injury evolution using MRI-
detectable molecular probes and transgenic animal strains. These approaches will
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also allow us to evaluate novel therapeutic approaches to minimize the expression
of mTBI pathology.
Lipton ML, Kim N, Park YK, Hulkower MB, Gardin TM, Shifteh K, Kim M, Zimmerman ME, Lipton RB,
Branch CA. (2012) Robust detection of traumatic axonal injury in individual mild traumatic brain injury
patients: Intersubject variation, change over time and bidirectional changes in anisotropy. Brain
Imaging Behav. 6:329–42.
Rosenbaum SB, Lipton ML. (2012) Embracing chaos: the scope and importance of clinical and patho-
logical heterogeneity in mTBI. Brain Imaging Behav. 6:6255–82.
Dym, RJ, Burns J, Freeman KM, Lipton ML. (2011) Is fMRI assessment of hemispheric language domi-
nance as good as the Wada test: a meta-analysis, Radiology. 261:446–55.
Lipton ML, Liszewski MC, O’Connell MN, MillsA, Smiley JF, Branch CA, Charles E. Schroeder CE. (2009)
Dynamic hand representation in primary somatosensory cortex. Journal of Neuroscience
30(47):15895–15903.
Lipton ML, Gulko E, Zimmerman ME, Friedman BW, Kim M, Gellella E, Gold T, Shifteh K, Ardekani BA,
Branch CA. (2009) Not so mild head injury: difusion tensor imaging implicates prefrontal axonal injury
in executive function impairment following very mild traumatic brain injury. Radiology 252:3 816–824.
Lo C, Shifteh K, Gold T, E, Bello JA, Lipton ML. (2009) Diffusion Tensor Imaging Abnormalities in Patients
with Mild Traumatic Brain Injury and Neurocognitive Impairment. Journal of Computer Assisted
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Lipton ML, Fu KMG, Branch CA, Schroeder CE (2006) Ipsilateral Hand Input to Area 3b Revealed by
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Associate Professor/Assistant Professor

Polarity in the Zebrafish Ovary
Every animal starts out as a single fertilized cell, yet we do not fully understand the
events that are essential for producing that cell because they take place within the
ovary of the mother. Failure to form an egg that is capable of embryonic develop-
ment can result in profound birth defects or miscarriage. In addition, cancers of
the ovary can arise from uncontrolled proliferation of the germ cells, those cells
that can become eggs, or the somatic cells, the cells that do not develop as eggs, of
the ovary. In normal ovaries, these two types of cells communicate with one
another to regulate the growth and survival of both cell populations. In most ani-
mals, the germ line stem cells undergo an asymmetric division to generate daugh-
ter cells that will remain stem cells and others, cystoblasts that divide and eventu-
ally form eggs. The divisions of the cystoblasts are unique because the cells do not
completely separate from one another, but instead remain attached to each other.
Studies in mammals show that the connections between cystoblasts prevent too
many cells from becoming oocytes, and in humans uncontrolled and complete
separation of cystoblasts correlates with germ cell neoplasias. However, since these
events occur before or at the time of fertilization we understand little about how
the genes that are involved. Therefore, understanding how the growth and survival
of these cells is regulated has important consequences to both fertility and cancer
formation.
To study relationships between interacting cells within adjacent tissues, such as
germline and somatic follicle cells, we need to analyze an animal system in which
we can manipulate genes and study early development. The zebrafish system has
advantages that allow us to use embryological, biochemical, and genetic tech-
niques to access maternally controlled processes during vertebrate animal devel-
opment. Our studies exploit the powerful genetics and cell biological access in the
zebrafish system to unravel the mechanisms that regulate oocyte polarization and
follicle cell fate in a vertebrate. Many features of primary oocyte development are
evolutionarily conserved, including humans; thus this architecture is likely funda-
mental for germline development and fertility.
Our genetic and biochemical studies of oocyte polarity have led us to genes
involved in mRNA localization and polarized transport, including motor and
RNA binding proteins. Like oocytes, neurons are highly polarized cells, which rely
on trafficking and post-transcriptional regulation of mRNAs to ensure that gene
products are only expressed in discrete locations. Inappropriate accumulation of
proteins and organelles due to failed trafficking and post-transcriptional regula-
tion is associated with neuronal loss underlying devastating neurodegenerative
diseases. The rapid development, optical clarity, and ease of generating transgenic
and mutant zebrafish strains make it an ideal system for live cell tracking and visu-
alization of fluorescently labeled organelles, motor proteins, mRNA cargos, and
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the cytoskeleton in the living animal. To better understand how trafficking is reg-
ulated in distinct polarized cell types, we are also using the zebrafish model system
to examine the cellular and molecular basis of transport in neurons. Knowledge of
how the individual transport mechanisms operating in neurons contribute to their
function has potential to uncover novel pathological mechanisms underlying neu-
rodegenerative diseases.
Zebrafish vasa is required for germ cell differentiation and maintenance. Hartung O, Forbes MM,
Marlow FL. Molecular Reproduction and Development. In press.
Oocyte polarity requires a Bucky ball dependent feedback amplification loop. Heim A, Rothhämel S,
Hartung O, Ferriera, E Jenny A, Marlow FL. Development. 2014 Feb;141(4):842–54. doi:
10.1242/dev.090449.PMID: 24496621.
notch3 is essential for oligodendrocyte development and vascular integrity in zebrafish. Zaucker A,
Mercurio S, Sternheim N, Talbot WS, Marlow FL. Disease Models and Mechanisms. 2013
Sep;6(5):1246–59. doi: 10.1242/dmm.012005. Epub: 2013 May 29.
Analysis of zebrafish kinesin-1 kif5 heavy chain genes during zebrafish development. Campbell, PD,
Marlow FL. Gene Expression Patterns. Epub 2013 May 15. 2013 Oct;13(7):271–9. doi:
10.1016/j.gep.2013.05.002.
The adhesion GPCR Gpr125 modulates Dishevelled distribution and planar cell polarity signaling.Li X,
Roszko I, Sepich DS, Ni M, Hamm H, Marlow FL*, Solnica-Krezel L.* Development. 2013
Jul;140(14):3028–39. doi: 10.1242/dev.094839. PMID: 23821037 *cocorresponding authors.
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Neurology
The primary focus of our laboratory is on defining the regional localization and
the biological properties of neural stem cells during embryonic and postnatal
development and in the mature and the aging mammalian brain. We are also using
stem cells as “biological probes” to elucidate the pathogenesis of a spectrum of
complex and poorly understood acquired and genetic nervous system disorders.
In these prototypical disorders, distinct profiles of regional stem cells or their more
lineage-restricted neuronal or glial progeny undergo irreversible injury and death
in response to acute or more chronic injury signals. Further, we are attempting to
use theknowledge gained from these multidisciplinary studies to design innova-
tive epigenetic- and stem cell-based regenerative therapies.
We are in the process of defining the dynamic roles of environmental factors, cell-
cell signaling pathways and cell autonomous cues in promoting stem cell activa-
tion, expansion, lineage restriction, lineage commitment, cell cycle exit and ter-
minal differentiation. We have identified specific transcription factor and epige-
netic codes that endow the progeny of specific stem cell subpopulations with their
unique cellular properties. These insights have already allowed us to “reprogram”
different regional stem and progenitor cells both in vitro and in vivo to acquire the
cellular properties of specific neuronal and glial subtypes that are lost in different
classes of neurological diseases. We have also utilized embryonic stem cells, both
to define initial stages of neural induction and patterning of the neural tube that
have previously been difficult to examine experimentally, and as therapeutic
reagents for those diseases of the nervous system in which multiple regional neu-
ronal and glial subtypes are targeted.
A better understanding of the pathogenesis of individual neurological disorders
will allow us to more effectively employ our emerging neural regenerative strate-
gies. For example, we are investigating the novel and exciting possibility that early
developmental abnormalities are important in the etiology of disorders of the
aging brain, namely neurodegenerative diseases such as Alzheimer’s, Huntington’s
and Parkinson’s Diseases as well as amyotrophic lateral sclerosis (ALS, Lou
Gehrig’s disease). We are also examining the hypothesis that primary brain tumors
are caused by two distinct types of gene mutations: i. Mutations in selected genes
that promote progressive stages of neuronal and glial maturation from neural stem
cells, and ii. Mutations in different classes of genes that normally prevent mature
glial cells from undergoing ectopic cell cycle reentry and dedifferentiation.
Further, we are attempting to define the individual profiles of abortive endogenous
stem and progenitor cell responses to those injury signals found in acute stroke
and in demyelinating diseases such as multiple sclerosis.
The ultimate aim of these studies is to identify innovative approaches to brain
repair by activation of latent neural stem cell pools throughout the neuraxis to
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engage in selective regeneration of those cell types and neural network connec-
tions that have been compromised in specific disease states. We are utilizing
advanced epigenetic reprogramming strategies, including the deployment of mul-
tiple novel classes of non-coding RNAs to modulate the dynamic expression pro-
files of individual genes and integrated functional gene networks through
genome-wide targeting of specific DNA motifs/stereoisomers, histone, nucleo-
some and higher-order chromatin codes and complexes, RNA/DNA editing, and
RNA intra-/inter-cellular trafficking. The ability to activate and recruit these latent
developmental programs to participate in selective neural regenerative responses
will help to reestablish functional neural networks that preserve the integrity of
previously acquired informational traces.
Qureshi, IA, Mehler, MF. (2011) Non-coding RNA networks underlying cognitive disorders across the
lifespan. Trends Mol Med 17:337–346.
Abrajano, JJ, Qureshi IA, Gokhan S, Molero, AE, Zheng D, Bergman A, Mehler MF. (2010) Corepressor for
element-1-silencing transcription factor preferentially mediates gene networks underlying neural
stem cell fate decisions. Proc Natl Acad Sci USA. 107:16685–16690.
Mercer TR, Qureshi IA, Gokhan S, Dinger ME, Li G, Mattick JS, Mehler MF. (2010) Long non-coding RNAs
in neuronal-glial fate specification and oligodendrocyte lineage maturation. BMC Neuroscience. 11:14
(1–15).
Molero, AE, Gokhan S, Gonzalez S, Feig JL, Alexandre LC, Mehler MF. (2009) Impairment of develop-
mental stem cell-mediated neurogenesis and pluripotency genes in a knock-in model of Huntington’s
disease. Proc Natl Acad Sci USA. 106:21900–21905.
Abrajano, JJ, Qureshi IA, Gokhan S, Zheng D, Bergman A, Mehler MF. (2009) Differential deployment of
REST and CoREST promotes glial subtype specification and oligodendrocyte lineage maturation. PLoS
One. 4: e7665.
Abrajano, JJ, Qureshi IA, Gokhan S, Zheng D, Bergman A, Mehler MF. (2009) REST and CoREST modu-
late neuronal subtype specification, maturation and maintenance. PLoS One. 4: e7936.
Mehler MF. (2008) Epigenetic principles and mechanisms underlying nervous system functions in
health and disease. Prog Neurobiol. 86: 305–341.
Mehler MF, Mattick JS. (2007) Non-coding RNAs and RNA editing in brain development, functional
diversification, and neurological disease. Physiol Rev. 87:799–823.
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Sophie Molholm
Pediatrics/Neuroscience
Associate Professor; Muriel and Harold Block Faculty Scholar in

Mental Illness
I am interested in how the human brain processes and integrates sensory inputs to
impact perception and behavior, and the role of attention therein. My work
involves characterizing these processes in healthy adults, charting their develop-
mental course over childhood, and translating these findings to understand the
neurobiology of developmental disorders, with an emphasis on autism. Non-inva-
sive high-density recordings of the electrical activity of the brain, psychophysics,
and magnetic resonance imaging are my primary tools of investigation. The for-
mer allows precise tracking of the temporal progression of cortical information
processing, and modeling of the underlying neuronal generators. Used in con-
junction with structural and functional neuroimaging, precise anatomical local-
izations of function can be achieved.
In addition to myself, the lab includes senior faculty (John Foxe and Filipo De
Sanctis), junior faculty (Lars Ross and John Butler), post-doctoral fellows, and stu-
dents. I also direct the Einstein Human Clinical Phenotyping Core, which recruits
and characterizes participants for studies and maintains a large database of poten-
tial research participants. This database is composed largely of children, including
those with a diagnosis of dyslexia, autism, and RETT syndrome, as well as healthy
controls.
Fiebelkorn I.C., Foxe, J.J., Butler, J.S., Mercier, M.M., Snyder, A.C., Molholm, S. (2011). Ready, Set, Reset:
Stimulus-Locked Periodicity in Behavioral Performance Demonstrates the Consequences of Cross-sen-
sory Phase Reset. Journal of Neuroscience, 31, 9971–81.
Russo, N., Foxe, J.J., Brandwein, A., Altschuler, T., Gomes, H., & Molholm, S. (2010) Multisensory pro-
cessing in children with autism: high-density electrical mapping of auditory-somatosensory integra-
tion. Autism Research 3, 253–67.
Brandwein, A., Foxe, J.J., Altshuler, T., Gomes, H., & Molholm, S (2010) Tracking the developmental
course of auditory-visual multisensory processing in children: A high-density electrophysiological
study. Cerebral Cortex 21, 1042–55.
Fiebelkorn, I.C., Foxe, J. J., Schwartz, T.H., & Molholm, S. (2010) Staying within the lines: the formation
of visuospatial boundaries influences multisensory feature integration. European Journal of
Neuroscience 31, 1737–1743.
Lucan, J., Foxe, J.J., Weisser, V.D., Sathian, K., & Molholm, S. (2010) Tactile shape discrimination recruits
human lateral occipital complex during early perceptual processing. Human Brain Mapping 31,
1813–21.
Fiebelkorn, I.C., Foxe, J.J. & Molholm, S. (2009) Dual Mechanisms for Object Based Cross-Sensory
Transfer of Attention: How Much Do Learned Associations Matter? Cerebral Cortex 20: 109–20.
Molholm, S., Martinez, A., Shpaner, M., Foxe, J.J. (2007) Object based attention is ultisensory: Co-acti-
vation of an object’s representations in ignored sensory modalities. European Journal of Neuroscience
26, 499–509.
Molholm, S., Sehatpour, P., Mehta, A.D., Shpaner, M., Gomez-Ramirez, M., Ortigue, S., Dyke, J.P.,
Schwartz, T.H., & Foxe, J.J. (2006) Audio-visual multisensory integration in superior parietal lobule
revealed by human intracranial recordings. Journal of Neurophysiology 96, 721–729.



Molholm, S., Martinez, A., Ritter, W., Javitt, D.C., & Foxe, J.J. (2005) The neural circuitry of pre-attentive
auditory change-detection: An fMRI study of pitch and duration mismatch negativity generators.
Cerebral Cortex 15, 545–551.
Molholm, S., Ritter, W., Javitt, D.C., & Foxe, J.J. (2004) Visual-Auditory Multisensory Object Recognition
in Humans: A High-density Electrophysiological study. Cerebral Cortex 14, 452–465.
Molholm, S., Ritter, W., Murray, M.M., Javitt, D.C., Schroeder, C.E., & Foxe. J.J. (2002) Multisensory audi-
tory–visual interactions during early sensory processing in humans: a high–density electrical mapping
study. Cognitive Brain Research 14, 115–129.
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Solomon L. Moshé
Neurology/Pediatrics/Neuroscience
Professor and Vice Chairman of Neurology and Charles Frost Chair of

Neurosurgery and Neurology
Director, Division of Neurology, Department of Pediatrics and Director,
Divisions of Clinical Neurophysiology and Pediatric Neurology, The Saul R.
Korey Department of Neurology
Since 1979, Dr. Moshé’s research has focused on translational approaches to
understand the mechanisms underlying the development of epilepsy and its con-
sequences in infants and children. His laboratory has developed and patented an
animal model that replicates human infantile spasms. In collaboration with Dr
Aristea Galanopoulou, this model is being used to identify novel treatments of this
devastating condition. His work has identified an endogenous brain circuit that
can control the expression of seizures as a function of age and gender. In addition
to his laboratory research, he is actively involved in several large, multi-center
studies examining the outcomes of prolonged, febrile seizures (seizures occurring
with fever) and absence epilepsy to identify predictive biomarkers of the course
and response to treatment. In more than 20 years, Dr. Moshé has mentored
numerous scientists and clinicians from around the world in clinical epilepsy and
basic science epilepsy-related research.
Dr. Moshé is active in numerous professional societies and elected President of the
American Epilepsy Society, the American Clinical Neurophysiology Society, the
Eastern Association of Electroencephalographers, and past President of The
International League against Epilepsy. He is an elected member of the American
Neurological Association and the American Pediatric Society.
Moshé, S.L., Perucca, E.,Wiebe, S., Mathern, G.W. The International League Against Epilepsy at the
Threshold of its second century: Year 1. Epilepsia 52:185–197 (2011),
http://www.ncbi.nlm.nih.gov/pubmed/21219305
Ono, T., Moshé, S.L., Galanopoulou, A.S. Carisbamate acutely suppresses spasms in a rat model of
symptomatic infantile spasms in a rat model of symptomatic infantile spasms. Epilepsia
152:1678–1684 (2011), http://www.ncbi.nlm.nih.gov/pubmed/21770922
Ono, T., Moshé, S.L. Can epilepsy be prevented? Neurol. Asia 16:1–3 (2011).
Fried, S., Moshé, S.L. Basic physiology of the EEG. Neurol. Asia 16:23–25 (2011).
Beal, J.C., Sogawa, Y., Ceresnak, S.R., Mahgerefteh, J., Moshé, S.L. Late onset ictal asystole in refractory
epilepsy. Pediatric Neurol. 45:253–255 (2011), http://www.ncbi.nlm.nih.gov/pubmed/21907888
Yozawitz, E.G., Scantlebury, M.H., Robinson, J., Jehle, R., Moshé, S.L. Recurrence of childhood absence
epilepsy as pyknolepsy in adolescence. Epileptic Disorders 13:313–6 (2011),
http://www.ncbi.nlm.nih.gov/pubmed/21896423
Galanopoulou, A.S., Moshé, S.L. In search of epilepsy biomarkers in the immature brain: goals, chal-
lenges, strategies. Biomarkers Medicine 5:615–628 (2011),
http://www.ncbi.nlm.nih.gov/pubmed/22003910
Moshe, S.L. In support of the ILAE Commission classification proposal. Epilepsia 52:1200–1 (2012),
http://www.ncbi.nlm.nih.gov/pubmed/21770922
Arida, R.M., Scorza, F.A., Cavalheiro, E.A., Perucca, E., Moshé, S.L. Can people with epilepsy enjoy
sports? Epilepsy Res. 98:94–95 (2012), http://www.ncbi.nlm.nih.gov/pubmed/21778037
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Threshold of its second century: Year 2. Epilepsia 53:215–219 (2012),
http://www.ncbi.nlm.nih.gov/pubmed/22221160
Galanopoulou, A.S., Buckmaster, P.S., Staley, K., Moshé, S.L., Perucca, E., Engel, J., et al. Identification of
new epilepsy treatments: Issues in preclinical methodology. Epilepsia 53:571–82 (2012),
http://www.ncbi.nlm.nih.gov/pubmed/22292566
Gulcebi, M.I., Ketenci, S., Linke, R., Hacioglu, H., Yanali, H., Veliskova, J., Moshe, SL, Onat, F., Cavdar, S.
Topographical connections of the substantia nigra pars reticulate to higher-order thalamic nuclei in
the rat. Brain Res. Bull 87:312–18 (2012), http://www.ncbi.nlm.nih.gov/pubmed/22108631
Cameron, A., Bansal, A., Dua, T., Hill, S., Moshé, S.L., Mantel-Teeuwisse, A., Saxena, S. Mapping the
availability, price and affordability of antiepileptic medicines in 46 countries. Epilepsia 53:962–69
(2012), http://www.ncbi.nlm.nih.gov/pubmed/22432967
Avanzini, G., Manganotti, P., Meletti, S., Moshé, S.L., Panzica, F., Wolf, P., Capovilla, G. The system
epilepsies: A pathophysiological hypothesis. Epilepsia 53:771–778 (2012),
http://www.ncbi.nlm.nih.gov/pubmed/22533642
Shinnar, S., Bello, J.A., Chan, S., Hesdorffer, D., Lewis, D.V., MacFall, J.R., Pellock, J.M., Nordli, D.R.
Moshe, S.L., et al. MR Imaging abnormalities following febrile status epilepticus in children: The FEB-
STAT Study. Neurology: 79(9):871–7 (2012), http://www.ncbi.nlm.nih.gov/pubmed/22843278
Epstein, L., Shinnar, S., Hesdorffer, D.C., Nordli, D., Hamidullah, A., Benn, E., Pellock, J., Frank, M., Lewis,
D., Moshé SL, Shinnar, R.C., Sun, S. Human Herpes virus 6 and 7 in Febrile Status Epilepticus: The FEB-
STAT study. Epilepsia 1–8 (2012), http://www.ncbi.nlm.nih.gov/pubmed/22954016
Hesdorffer, D., Shinnar, S., Lewis, D.V., Moshé SL, Nordli, D., Pellock, J.M., Macfall, J., Shinnar, R.C.,
Masur, D., Frank, L.M., Epstein, L.G., Litherland, C., Seinfeld, S., Bello, J., Chan, S., Bagiella, E., Sun, S.
Design and Phenomenology of the FEBSTAT Study. Epilepsia 1-10 (2012),
http://www.ncbi.nlm.nih.gov/pubmed/22742587
Nordli, DR., Moshé SL Shinnar, S., Hesdorffer, D., Sogawa, Y., Pellock, J.M., Lewis, D.V., Frank, L.M.,
Shinnar, R.C., Sun, S.S. Acute EEG findings in children with febrile status epilepticus: Results of the
FEBSTAT study. Neurology: 79(22):2180–6 (2012), http://www.ncbi.nlm.nih.gov/pubmed/23136262
Blümcke I, Thom M, Aronica E, Armstrong DD, Bartolomei F, Bernasconi A, Bernasconi N, Bien CG,
Cendes F, Coras R, Cross JH, Jacques TS, Kahane P, Mathern GW, Miyata H, Moshé SL, Oz B, Ozkara C,
Perucca E, Sisodiya S, Wiebe S, Spreafico R. International consensus classification of hippocampal
sclerosis in temporal lobe epilepsy: A Task Force report from the ILAE Commission on Diagnostic
Methods. Epilepsia. 54(7):1315–29 (2013), http://www.ncbi.nlm.nih.gov/pubmed/23692496
Hesdorffer DC, Shinnar S, Lewis DV, Nordli DR Jr, Pellock JM, Moshé SL, Shinnar RC, Litherland C,
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Genevieve Neal-Perry
Ob/Gyn and Neuroscience
Associate Professor

One area of particular interest is the role of the neuroendocrine axis in female
reproductive aging, especially the cellular events that alter the brain’s responsive-
ness to ovarian steroids. Reproductive senescence in female rodents and humans
is heralded by reduced responsive of the hypothalamus to estrogen positive feed-
back, resulting in abnormal luteinizing hormone surges, ovarian failure, and infer-
tility. There are several candidate neurotransmitter systems and neurotrophic fac-
tors that might contribute to age-related LH surge failure and subsequent ovarian
exhaustion. Our research suggests that age-related changes in the hypothalamic
response to ovarian hormones and the LH surge mechanism are causally related to
reduced excitatory neurotransmission mediated by the excitatory neuropeptide
kisspeptin. Additional studies have suggested that decreased kisspeptin availabili-
ty results in an imbalance in excitatory (glutamatergic; decreased) and inhibitory
(GABAergic; increased) neurotransmission within the hypothalamus. We have
recently demonstrated that reduced brain insulin growth factor-1 (IGF-1) signal-
ing in the aging brain impairs hypothalamic responsiveness to estrogen positive
feedback conditions. We also have evidence that hypogonadism in young females
trigger a response that is similar to nutrient deprivation and consistent with dis-
ruption of autophagic pathways. The hypothalamus is a primary site of conver-
gence and integration for nutrient-related feedback. Moreover hypothalamic IGF-
1 receptor signaling regulates female reproductive function, hypothalamic
kisspeptin expression and nutrient sensing through cellular mechanisms that rely
upon autophagy. Future experiments in our lab are designed to determine whether
reduced hypothalamic IGF-1 receptor signaling observed in reproductively aging
females gives rise to altered neuronal nutrient sensing and abnormal autophagic
cellular processes which then affect estrogen responsiveness in the brain.
Vitamin D receptors are located in the central nervous system, gonads and uterus.
Vitamin D3 is hypothesized to be important for fertility and reproductive success.
The mechanism by which vitamin D3 deficiency affects the hypothalamic-pitu-
itary-gonadal axis is unknown. Our lab is interested in the role of vitamin D3 in
female reproductive physiology and how vitamin D3 deficiency disrupts fertility.
We are investigating the impact of vitamin D3 deficiency on hypothalamic-pitu-
itary physiology and subsequent effects on ovarian physiology, embryo cleavage,
fertilization and implantation rates.
Our research relies upon expertise in multiple microsurgical techniques, intrac-
erebral microdialysis, intracerebral drug infusion, HPLC, controlled ovarian
hyperstimulation, immunohistochemistry, immunoassays, serial blood sampling,
in vitro fertilization, and a number of molecular biochemistry techniques.
Todd BJ, Merhi ZO, Shu J, Etgen AM, Neal-Perry GS (2010) Hypothalamic Insulin-Like Growth Factor-I
Receptors Are Necessary for Hormone-Dependent Luteinizing Hormone Surges: Implications for
Female Reproductive Aging. Endocrinology 151(3):1356–66.
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Lederman M, Lebesgue D, Gonzalez V, Shu J, Merhi ZO, Etgen AM, and Neal-Perry G (2010) Age-relat-
ed LH surge dysfunction correlates with reduced responsiveness of hypothalamic anteroventral
periventricular nucleus kisspeptin neurons to estradiol positive feedback in middle-aged rats.
Neuropharmacology 58(1): 314–320.
Neal-Perry GS, Lebesgue D, Zeevalk GD, Shu J, and Etgen AM (2009) The Excitatory Peptide Kisspeptin
Restores the Luteinizing Hormone Surge and Modulates Amino Acid Neurotransmission in the Medial
Preoptic Area. Endocrinology. 2009 Aug; 150(8):3699–3708.
Neal-Perry GS, Zeevalk GD, Shu, J, and Etgen, AM. (2008) Restoration of the Luteinizing Hormone Surge
in Middle-aged Rats by Altering the Balance of GABA and Glutamate Transmission in the Medial
Preoptic Area. Biology of Reproduction 79(5): 878–888.
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Saleem Nicola
Psychiatry/Neuroscience
Assistant Professor

Neural circuits underlying reward-seeking behavior
My lab focuses on understanding the neural circuits responsible for reward-seek-
ing and addictive behaviors. We use a systems-level approach that combines
behavioral, pharmacological and electrophysiological techniques in awake, freely
moving animals. We begin by identifying a hypothesis regarding the neural cir-
cuits underlying a particular behavior. For example, the nucleus accumbens (part
of the ventral striatum) projects to motor output structures of the basal ganglia.
The accumbens also receives input from limbic structures that have been suggest-
ed to process stimuli that predict events of consequence to the animal’s well-being.
These limbic structures include the basolateral amygdala, which sends gluta-
matergic axons to the accumbens, and the ventral tegmental area (VTA), which
sends a dopamine projection. Therefore, we hypothesized that the amygdala and
VTA projections to the accumbens are part of the neural circuit that controls the
animal’s response to reward-predictive stimuli.
To test this hypothesis, we designed a behavioral task that requires rats to respond,
by pressing a lever, to an auditory stimulus that predicts sucrose reward. We then
determined that the dopamine projection to the accumbens is required for this
behavior by demonstrating that dopamine receptor antagonists microinjected
directly into the animals’ nucleus accumbens caused animals to cease responding
to the stimulus. We also showed that transient inactivation of the amygdala had
the same effect. Next, we used multiple simultaneous single-unit recordings of
neurons in the accumbens and amygdala to demonstrate that subpopulations of
neurons were excited or inhibited by the reward-predictive stimulus. Finally, we
established that stimulus-evoked excitations and/or inhibitions in the accumbens
are required for the reward-seeking behavior instigated by the stimulus. We did
this by inactivating either the dopaminergic VTA neurons or amygdala neurons
while recording from accumbens neurons during the stimulus-evoked reward
seeking task. Inactivation of either structure selectively abolished the firing of
accumbens neurons responsive to reward-predictive stimuli. These experiments
established that the convergence of the excitatory projection from the amygdala
and dopaminergic projection from the VTA in the accumbens is an important
part of the neural circuits that underlie stimulus-evoked reward-seeking behavior.
Ongoing experiments seek to determine the nature of the information encoded by
the firing of accumbens neurons driven by the amygdala and dopamine projec-
tions.
Drugs of abuse can also serve as rewards, often to the extent that drug-seeking
(sometimes in response to drug-predictive stimuli) becomes excessive and harm-
ful. A long-term goal of these experiments is to use our increasing knowledge of
the neural circuits that control reward-seeking to ask how these circuits produce
aberrant behavior (excessive drug-seeking) in addiction.
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Du Hoffmann J, Kim JJ and Nicola SM (2011) An inexpensive drivable cannulated microelectrode array
for simultaneous unit recording and drug infusion in the same brain nucleus of behaving rats. J.
Neurophysol. J Neurophysiol 106:1054–1064.
Nicola SM (2010) The flexible approach hypothesis: Unification of effort and cue responding hypothe-
ses for the role of nucleus accumbens dopamine in the activation of reward-seeking behavior. J.
Neurosci. 30:16585–16600.
Ambroggi F, Ishikawa A, Fields HL and Nicola SM (2008) Incentive cue encoding in the nucleus accum-
bens depends on basolateral amygdala inputs. Neuron 29:648–661.
Ishikawa A, Ambroggi F, Nicola SM and Fields HL (2008) Dorsomedial prefrontal cortex contribution to
behavioral and nucleus accumbens neuronal responses to incentive cues. J. Neurosci. 28:5088–5098.
Fields HL, Hjelmstad GO, Margolis EB and Nicola SM (2007) Ventral tegmental area neurons in learned
appetitive behavior and positive reinforcement. Annu. Rev. Neurosci. 30:289–316.
Nicola SM (2007) The nucleus accumbens as part of a basal ganglia action selection circuit.
Psychopharmacology 191:521–550.
Yun IA, Wakabayashi KT, Fields HL and Nicola SM (2004) The ventral tegmental area is required for the
behavioral and nucleus accumbens neuronal firing responses to incentive cues. J. Neurosci.
24:2923–2933.
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José L. Peña
Neuroscience
Professor

The owl’s brain is a showcase in Systems Neuroscience for allowing the analytical
approach to how information is processed and represented in the brain. Owls
exhibit a characteristic orienting response towards sound sources. This behavior is
highly reproducible, the variables involved in triggering specific responses are well
characterized, and the system affords progressively deeper levels of analysis.
Whereas spatial selectivity of neurons in the owl’s auditory system is initially
broad and ambiguous, sharp space-specificity emerges in high-order neurons. In
the midbrain, a map of auditory space is computed based on differences in time
and intensity of the acoustic signals that arrive at each ear. These binaural cues are
processed in parallel pathways that converge where the map emerges. We have
focused on regions of the brain that are crucial for this synthetic process: the neu-
rons where the difference between the arrival times of the sound to each ear is ini-
tially detected, and the space-specific neurons that respond to sounds coming
from unique directions. We found that well-defined computations, which match
predictions made by studies of sound localization in humans, underlie the emer-
gent response properties of these neurons. Thus, the owl’s brain provides a system
to test models of psychoacoustics at levels from single cells to networks of neurons.
Recently, we have studied why owls make systematic errors when localizing in
peripheral space. We could predict these errors from looking at how space is rep-
resented in the owl’s brain. In addition, we could show how making errors in the
periphery could help to localize in the front. In the future, we plan to study how
information flows in the sound localization pathway using in vitro electrophysiol-
ogy as well as the recording of neural activity in behaving animals.
Wang Y, Shanbhag SJ, Fischer BJ, Pena JL (2012) Population-wide bias of surround suppression in audi-
tory spatial receptive fields of the owl’s midbrain. Journal of Neuroscience, 32: 10470–8.
Fischer BJ, Steinberg LJ, Fontaine B, Brette R, Pena JL (2011) Effect of instantaneous frequency glides
on ITD processing by auditory coincidence detectors. Proc Nat Acad Sci USA, 108: 18138–43.
Fischer BJ, Pena JL (2011) Owl’s behavior and neural representation predicted by Bayesian inference.
Nature Neuroscience 14: 1061–1066.
Penzo MA, Peña JL (2011) Depolarization-induced suppression of spontaneous release in the avian
midbrain. Journal of Neuroscience 31: 3602–9.
Steinberg LJ, Peña JL (2011) Difference in response reliability predicted by spectrotemporal tuning in
the cochlear nuclei of barn owls. Journal of Neuroscience 31: 3234–42.
Peña JL, DeBello (2010) Auditory processing, plasticity, and learning in the barn owl. ILAR Journal 51:
338–52.
Fischer BJ, Anderson CH, Peña JL (2009) Multiplicative auditory spatial receptive fields created by a
hierarchy of population codes. PLoS One 4: e8015.
Perez ML, Shanbhag SJ, Peña JL (2009) Auditory spatial tuning at the cross-roads of the midbrain and
forebrain. Journal of Neurophysiology 102:1472–82.
Fischer BJ, Peña JL (2009) Bilateral matching of frequency tuning in neural cross-correlators of the owl.
Biological Cybernetics 100:521–531.
Penzo MA, Peña JL (2009) Endocannabinoid-mediated long-term depression in the avian midbrain
expressed presynaptically and postsynaptically. Journal of Neuroscience 29:4131–4139.
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Fischer BJ, Christianson GB, Peña JL (2008) Cross-correlation in the auditory coincidence detectors of
owls. Journal of Neuroscience 28: 8107–8115.
Wild JM, Kubke MF, Peña JL (2008) A pathway for predation in the brain of the barn owl (Tyto alba): pro-
jections of the gracile nucleus to the “claw area” of the rostral wulst via the dorsal thalamus. Journal of
Comparative Neurology 509:156–66.
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Alberto Pereda
Neuroscience
Professor

Properties and plasticity of electrical synapses
Our laboratory is interested in the properties and dynamics of gap junction-medi-
ated electrical transmission in the vertebrate brain. Perhaps because of the relative
simplicity of transmission, electrical synapses are generally perceived as passive
intercellular channels that lack dynamic control. Thus, while the study of plastici-
ty of chemical synapses has long been an area of primary interest to neuroscien-
tists, less is known about the modifiability of electrical synapses.
In contrast with mammalian electrical synapses that generally have limited exper-
imental access, lower vertebrates have provided with advantageous experimental
models in which basic properties of electrical transmission can be more easily
study. This is the case of identifiable auditory afferents terminating on teleost
Mauthner cells known as “Large Myelinated Club endings”. These endings are
“mixed” (electrical and chemical) synaptic contacts that offer the rare opportuni-
ty to correlate physiological properties with molecular composition and specific
ultrastructural features of individual synapses. Gap junctions at these model
synapses undergo activity-dependent potentiation and are mediated by connex-
in35, the fish ortholog of connexin 36, which is widely distributed across the
mammalian brain.
Our current work focuses on the mechanisms underlying activity-dependent
changes in gap junction-mediated electrical synapses by investigating:
✒ Their functional relationship with glutamate receptors in fish (goldfish and

zebrafish) and mammals.
✒ Their interaction with dopaminergic and endocannabinoid systems.
✒ The molecular mechanisms responsible for changes in electrical transmission,

in particular the identification of connexin-associated regulatory proteins.
✒ The interaction between membrane and synaptic properties, as a mechanism

for the control of the synaptic strength.
Thus, while focusing in the properties of electrical synapses, the research of our
laboratory explores the complexity of synaptic transmission and signaling mecha-
nisms in general.
Hoge G., Davidson K., Yasumura T., Castillo P., Rash J.R. and Pereda A. (2011) Coupling between inferior
olivary neurons is heterogeneous. Journal of Neurophysiology 105:1089–101.
Flores C., Cachope R., Nannapaneni S., Ene S., Nairn A., and Pereda A. (2010) Variability of distribution
of Ca++/calmodulin-dependent kinase II at mixed synapses on the Mauthner cell: co-localization and
association with connexin 35. The Journal of Neuroscience, 30:9488–9499.
Flores C., Li X., Bennett M.V.L., Nagy J.I., and Pereda A. (2008) Interaction between connexin 35 and
zonula occludens 1 and its potential role in regulation of electrical synapses. Proceedings of the
National Academy of Sciences (USA) 105:12545–12550.
Curti S. Gomez L., Budelli R. and. and Pereda A. (2008) Subthreshold sodium current underlies essen-
tial functional specializations at primary auditory afferents. Journal of Neurophysiology 99:1683–99.
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Cachope R., Mackie K., Triller A., O’Brien J. and Pereda A. (2007) Potentiation of electrical and gluta-
matergic synaptic transmission mediated by endocannabinoids. Neuron 56:1034–1047.
Curti, S., and Pereda, A. (2004) Voltage-dependent enhancement of electrical coupling by a sub-
threshold sodium current. The Journal of Neuroscience 24:3999–4010.
Pereda A., J. O’Brien, J.I. Nagy, F. Bukauskas, K.G.V. Davidson, N. Kamasawa, T. Yasumura, and Rash J. E.
(2003) Connexin 35 mediates electrical transmission at mixed synapses on Mauthner cells. The Journal
of Neuroscience 23:7489–503.
Smith, M., and Pereda, A. (2003) Chemical synaptic activity modulates nearby electrical synaps-
es. Proceedings of the National Academy of Sciences (USA) 100:4849–4854.



68

Cedric S. Raine
Pathology/Neurology/Neuroscience
Professor Emeritus

This investigator is a retired neuropathologist/neuroimmunologist whose career
involved the pathogenesis and neuroimmunology of multiple sclerosis and its ani-
mal models. Trained in the U.K. where he obtained a PhD in Medicine in 1967, a
D.Sc. in Medicine in 1975 and was made a Fellow of the Royal College of
Pathologists in 1988. He has an office in the Forchheimer Building (1st floor) and
continues to collaborate and write scientific reports. The majority of his research
was targeted towards the molecular and immunologic analysis of the MS plaque
and the testing of therapeutic strategies in the animal model for MS, experimen-
tal autoimmune encephalomyelitis (EAE). His list of trainees includes numerous
PhD graduates and postdoctoral fellows as well as many Neurology and Pathology
residents from the US and abroad who have spent research electives and/or post-
doctoral fellowships in his lab and have then moved on to careers both in clinical
and research disease-related Neuroscience.
Omari, K.M., Lutz, S.E., Santambrogio, L., Lira, S., and Raine, C.S.: Neuroprotection and remyelination
after autoimmune demyelination in that mice inducibly overexpress CXCL1. Amer.J.Path 174:164–176,
2009.
Marmon, S., Hinchey, J., Oh, P., Cammer, M., de Almeida, C., Gunther, L., Raine, C.S. and Lisanti, M.P.:
Caveolin-1 expression determines the route of neutrophil extravasation through skin microvascula-
ture. Amer. J. Path. 174:684–692, 2009.
Lutz, S.E., Zhou, Y., Gulinello, M., Lee, S.C., Raine, C.S. and Brosnan, C.F. Deletion of astrocyte connexin
43 and 30 leads to a dysmyelinating phenotype and hippocampal CA1 vacuolation. J. Neurosci.
29:7743–7752, 2009.
Platten, M., Youssef, S., Hur, E-M., Ho, P.P., Han, M.H., Lanz, T., Phillips, L.K., Goldstein, M.J., Bhat, R., Raine,
C.S., Sobel, R.A. and Steinman, L. Blocking angiotension converting enzyme induces potent regulato-
ry T cells and modulates TH1- and TH17- mediated autoimmunity. Proc. Natl. Acad. Sci. (USA)
106:14948–14953, 2009
Tsiperson, Y., Li, X., Schwartz, G.J., Raine, C.S. and Shafit-Zagardo, B.: Gas 6 enhances clearance of myelin
debris, remyelination and axonal survival after cuprizone toxicity. PLoS One 5:15748, 2010.
Gaupp, S., Arezzo, J., Dutta, D.J., John, G.R. and Raine, C.S.: On the occurrence of hypomyelination in
transgenic mouse models—a consequence of the MBP promoter? J. Neuropath. Exp. Neurol
70:1138–1150, 2011.
Han, M.H., Lundgren, D., Jaiswal, S., Chao, M., Graham, K., Axtell, R., Ho, P.P., Lock, C.B., Woodward, J.I.,
Brownell, S.E., Zudilova, M., Hunt, J., Baranzini, S.E., Butcher, E., Raine, C.S., Sobel, R., Han, D.K.,
Weissman, I. and Steinman, L.: Janus-like opposing roles for CD47 in autoimmune brain inflammation.
J. Exp. Med. 209:1325–1334, 2012.
Brosnan, C.F. and Raine, C.S.: The astrocyte in multiple sclerosis revisited. Glia 61:453–465, 2013.
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Gary J. Schwartz
Medicine/Neuroscience; Diabetes Research & Training Center
Professor

Our research focuses on the sensory neural controls of energy homeostasis in
health and disease. We use rodent and non-human primate models to examine
how food stimuli act at oral and gastrointestinal sites to affect food intake, energy
balance, and gastrointestinal physiology. We approach this problem from multiple
levels of analysis including behavioral, physiological, neurophysiological, and
molecular-genetic. We have identified the type of food stimuli that activate vagal
and splanchnic sensory fibers supplying the gut, and have revealed the extent to
which these stimuli influence gut-brain communication. Our most recent efforts
involve the analysis of gut-brain communication in the control of energy home-
ostasis in mouse models of obesity and diabetes. We have identified neurons in the
periphery, brainstem and hypothalamus that integrate food-elicited signals with
peptide signals that have profound effects food intake and metabolism. Data from
these studies reveal that central hypothalamic and brainstem neuropeptides affect
food intake and body weight by modulating the neural potency of food stimulat-
ed signals from the mouth and gut. This novel, synthetic conceptual framework is
critical because it links forebrain hypothalamic structures, long known to be
involved in the control of energy balance, to the sensory and motor systems in the
brainstem that control ingestion, digestion, and metabolic processing of food.
Future studies will use genetic mouse models of obesity and diabetes with target-
ed conditional neuropeptide/ receptor knockdown or replacement to determine
how central neuropeptide signaling affects the neural processing of metabolic sen-
sory signals critical to energy homeostasis.
Blouet C, Schwartz GJ. Brainstem nutrient sensing in the nucleus of the solitary tract inhibits feeding.
Cell Metab. 2012 Nov 7;16(5):579–87 PMCID: PMC3537851.
Blouet C, Jo YH, Li X, Schwartz GJ. Mediobasal hypothalamic leucine sensing regulates food intake
through activation of a hypothalamus-brainstem circuit. J Neurosci. 2009 Jul 1;29(26):8302–11. PMCID:
PMC2740923.
Blouet C, Ono H, Schwartz GJ. Mediobasal hypothalamic p70 S6 kinase 1 modulates the control of
energy homeostasis. Cell Metab. 2008 Dec;8(6):459–67. PMID: 19041762 PMCID: PMC2637401.
Blouet C, Liu SM, Jo YH, Chua S, Schwartz GJ. TXNIP in Agrp neurons regulates adiposity, energy expen-
diture, and central leptin sensitivity. J Neurosci. 2012 Jul 18;32(29):9870–7. PMCID: PMC3486516.
Kaushik S, Rodriguez-Navarro JA, Arias E, Kiffin R, Sahu S, Schwartz GJ, Cuervo AM, Singh R. (2011)
Autophagy in Hypothalamic AgRP Neurons Regulates Food Intake and Energy Balance. Cell Metab. Aug
3;14(2):173–83.
Blouet C, Schwartz GJ (2011) Nutrient-sensing hypothalamic TXNIP links nutrient excess to energy
imbalance in mice. J Neurosci. Apr 20;31(16):6019–27.
Dipatrizio NV, Astarita G, Schwartz G, Li X, Piomelli D. (2011) Endocannabinoid signal in the gut con-
trols dietary fat intake. Proc Natl Acad Sci U S A. 2011 Aug 2;108(31):12904–8.
Schwartz, G.J. (2006) Integrative capacity of the caudal brainstem in the control of food intake
Phil.Trans. Royal Soc B. 2006 Jul 29;361(1471):1275–80.
Lam TK, Pocai A, Gutierrez-Juarez R, Obici S, Bryan J, Aguilar-Bryan L, Schwartz GJ, Rossetti L. (2005)
Hypothalamic sensing of circulating fatty acids is required for glucose homeostasis. Nature
Medicine Mar;11(3):320–7.
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Pocai, A, Obici, S, Schwartz GJ, Rossetti L. (2005) A brain-liver circuit regulates glucose homeostasis, Cell
Metab. 1: 53–61.
Lam TK, Schwartz GJ, Rossetti L. (2005) Hypothalamic sensing of fatty acids. Nat Neurosci. 8(5):579–84.
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Odelia Schwartz
Neuroscience
Assistant Professor

We continually interact with stimuli, such as images and sounds, and make infer-
ences about a complex world. How our brain represents and processes the infor-
mation internally is an intriguing and fundamental issue at the interface of neuro-
science and computation. Our lab employs tools of computational and theoretical
neuroscience, to study systems from the neural level and through to perception
and behavior.
We develop computational models of sensory neural processing based on the
hypothesis that images and sounds have predictable and quantifiable regularities
to which the brain is sensitive. The models are constructed through interplay with
physiological and psychophysical data, and posit functional roles about neural
processing. Additionally, a critical way to make progress is utilizing computation-
al tools directly in experimental design and analysis. For example, we have worked
extensively on spike-triggered approaches, leading to richer, non-linear character-
ization of neurons in retina and cortex.
Current specific interests include: (1) how neurons and percepts are affected by
contextual information: spatially, what surrounds a given feature or object; tem-
porally, what we have observed in the past, i.e., adaptation; (2) how neurons and
percepts represent information under conditions of uncertainty such as visual fog;
(3) how neurons represent information hierarchically from one level of neural
processing to the next; (4) how populations of neurons work together to achieve
perception and behavior; and (5) how we decide where to look next in images.
O Schwartz and R C Cagli. Attention and flexible normalization pools. Journal of Vision, 13(1):25, 1–24,
2013.
R C Cagli and O Schwartz. The impact on mid-level vision of statistically optimal divisive normalization
in V1. Journal of Vision, 13(8):13, 1–20, 2013.
J F Ramirez-Villegas, O Schwartz, D F Ramirez-Moreno. Attending to Visual Motion: A Realistic
Dynamical Bottom-up Saliency-based Approach. Biol Cybern, 2013, PMID 23314730.
Cagli RC, Dayan P, Schwartz O (2012) Cortical Surround Interactions and Perceptual Salience Via
Natural Scene Statistics. PLoS Computational Biology, 8(3): e1002405.
Cagli RC, Dayan P, Schwartz O (2009) Statistical Models of Linear and Nonlinear Contextual Interactions
in Early Visual Processing. Neural Information Processing Systems 22, 369–377.
Schwartz O, Sejnowski TJ, Dayan P (2009) Perceptual Organization in the Tilt Illusion. Journal of Vision
9(4):19, 1–20.
Schwartz O, Hsu A, Dayan P (2007) Space and time in visual context. Nature Reviews Neuroscience 8:
522–535.
Clifford CWG, Webster MA, Stanley GB, Stocker AA, Kohn A, Sharpee TO, Schwartz O (2007) Sensory
adaptation: neural, psychological, and computational aspects. Vision Research 47, 3125–3131.
Schwartz, O., Sejnowski T.J., Dayan P. (2006) Soft mixer assignment in a hierarchical generative model
of natural scene statistics. Neural Computation Nov;18(11):2680–718.
Schwartz, O, Pillow J.W., Rust N.C., Simoncelli E.P. (2006) Spike-triggered neural characterization.
Journal of Vision. 6(4): 484–507.
Schwartz, O., Sejnowski T.J., Dayan P. (2006) A Bayesian framework for tilt perception and confidence.
Advances in Neural Information Processing Systems. 18: 1201–1208.
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Rust, N.C., Schwartz, O., Movshon J.A., Simoncelli E.P. (2005) Spatiotemporal elements of macaque V1
receptive fields. Neuron. 46(6): 945–956.
Schwartz, O., Movellan, J.R., Wachtler, T., Albright, T.D., Sejnowski T.J. (2004) Spike count distributions,
factorizability, and contextual effects in area V1. Neurocomputing. 58–60C: 893–900.
Simoncelli E.P, Pillow J.W., Paninski, L., Schwartz, O. (2004) Characetrization of neural responses with
stochastic stimuli. In The Cognitive Sciences, Ed: M Gazzaniga, 3rd edition, MIT Press.
Schwartz, O., Chichilnisky E.J., Simoncelli E.P. (2002) Characterizing gain control in neurons using spike-
triggered covariance. Advances in Neural Information Processing Systems. 14: 269–276.
Schwartz, O., Simoncelli E.P. (2001) Natural signal statistics and sensory gain control. Nature
Neuroscience. 4(8): 819–825.
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Robert H. Singer
Anatomy and Structural Biology/Cell Biology/Neuroscience
Professor and Co-Chair of Anatomy and Structural Biology

Our work is focused on the travels of RNA within the cell: from the site of its birth
to its ultimate biological destiny in the cytoplasm where it makes proteins in spe-
cific locations. All we have learned results from the development of new technol-
ogy, known as in situ hybridization, to visualize specific nucleic acid sequences
within individual cells. Using our approach, synthetic nucleic acid probes are
labeled with a variety of detectors such as fluorochromes or antigens.
Subsequently these molecules are hybridized to the cell and detected using high
resolution digital imaging microscopy. This enables the detection of specific
nucleic acid molecules within the structural context of the cell. We have developed
imaging methodologies and algorithms capable of detecting a single RNA mole-
cule within a cell. As a result of this approach, we have found that specific RNA
sequences are located in particular cellular compartments. An example is the mes-
senger RNA for beta-actin, which is located in the periphery of the cell where actin
protein is needed for cell motility. These transcripts are not free to diffuse. The
transcripts may be associated with a cellular matrix or skeleton from the moment
of their synthesis through translation. We are investigating how this spatial infor-
mation is encoded within the gene and how the RNA transcript is processed with-
in the nucleus and then transported to its correct compartment in the cytoplasm
resulting in asymmetric protein distribution. A reporter gene can be “delivered” to
a variety of cellular compartments by using specific sequences, or “zipcodes”, from
the mRNAs found in those compartments. These “zipcodes” consist of short
sequences in the 3’ untranslated region of the mRNA. We have isolated and cloned
proteins, which bind to the zipcode and decode this information. Recently we have
developed technology that allows us to visualize RNA movement in living neu-
rons. Currently our efforts are to develop imaging methods to see fast movements
in order to characterize the motors driving RNA.
Visualization of Dynamics of Single Endogenous mRNA Labeled in Live Mouse. Park HY, Lim H, Yoon YJ,
Follenzi A, Nwokafor C, Lopez-Jones M, Meng X, Singer RH. Science 343(6169):422–424 (2014 January
24).
Single β-Actin mRNA Detection in Neurons Reveals a Mechanism for Regulating Its Translatability.
Buxbaum AR, Wu B, Singer RH. Science 343(6169):419–422 (2014 January 24).
Trcek T, Larson DR, Moldón A, Query CC, Singer RH, (2011) Single-Molecule mRNA Decay
Measurements Reveal Promoter-Regulated mRNA Stability in Yeast. Cell 147:1484–1497.
Larson DR, Zenklusen D, Wu B, Chao JA, Singer RH, (2011) Real-Time Observation of Transcription
Initiation and Elongation on an Endogenous Yeast Gene. Science 332:475–478.
Grünwald D, Singer RH, (2010) In vivo imaging of labelled endogenous β-actin mRNA during nucleo-
cytoplasmic transport. Nature 467:604–607.
Huttelmaier S, Zenklusen D, Lederer M, Dictenberg J, Lorenz M, Meng X, Bassell GJ, Condeelis J, Singer
RH, (2005) Spatial regulation of beta-actin translation by Src-dependent phosphorylation of ZBP1.
Nature 438:512–515.
Shav-Tal Y, Darzacq X, Shenoy SM, Fusco D, Janicki SM, Spector DL, Singer RH (2004) Dynamics of sin-
gle mRNPs in nuclei of living cells. Science 304:1797–1800.



74

Janicki SM, Tsukamoto T, Salghetti SE, Tansey WP, Sachidanandam R, Prasanth KV, Ried T, Shav-Tal Y,
Bertrand E, Singer RH, Spector DL. (2004) From silencing to gene expression: Real-time analysis in sin-
gle cells. Cell 116:683–698.
Levsky JM, Shenoy SM, Pezo RC, Singer RH. (2002) Single-cell gene expression pro-filing. Science 297:
836–840.
Singer RH. (1998) Triplet-repeat transcripts: A role for RNA in disease. Science 280:696–697.
Femino AM, Fay FS, Fogarty K, Singer RH. (1998) Visualization of single RNA transcripts in situ. Science
(Cover Article) 280:585–590.
Chicurel ME, Singer RH, Meyer CJ, and Ingber DE. (1998) Integrin binding and mechanical tension
induce movement of mRNA and ribosomes to focal adhesions. Nature, 392:730–733.
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David Spray
Neuroscience/Medicine
Professor

Roles of gap junctions in excitable and inexcitable cells
Research of our laboratory is centered on physiological and cell/molecular biolog-
ical studies of gap junctions, the intercellular channels that allow cells to directly
exchange ions and metabolites. In the nervous system, gap junctions form elec-
trotonic synapses between neurons, permitting synchronized excitation of cou-
pled cells, and they couple glia into a complex interconnected network where
information is exchanged through calcium waves and metabolically. Major proj-
ects of the laboratory are attempting to resolve (1) role of gap junctions and extra-
cellular signaling in a mouse model of orofacial pain, (2) how connexin-protein
interactions (which result in a dynamic complex that we term the “Nexus”) deliv-
er, assemble and modulate gap junctions in various cell types, (3) the role of gap
junctions in stem cell therapy in a mouse model of Chagas disease (with H.B.
Tanowitz, Dept Pathology), (4) endothelial cell and astrocyte mechanotransduc-
tion and cell polarization in a blood-brain-barrier model (with members of the
Biomedical Engineering Department, CCNY). These studies utilize a variety of
preparations, including primary cultures of cells from transgenic mice with altered
expression of connexin and other genes and transfection of wildtype and mutated
connexin sequences into communication deficient cell lines, where small high
resistance cells permit structure-function analysis at the single channel level.
Techniques include intracellular recordings with conventional and ion-selective
microelectrodes, photomanipulation such as FRAP, optical monitoring of intra-
cellular ionic activities (especially Ca2+ and propagated Ca2+ waves), patch clamp
recording of single channels and whole cell currents and standard molecular bio-
logical and immunological methods such as Northern and Western blot analyses,
immunostaining and RT-PCR and expression profiling using microarrays.
Adesse D, Goldenberg RC, Fortes FS, Jasmin, Iacobas DA, Iacobas S, Campos de Carvalho AC, de
Narareth Meirelles M, Huang H, Soares MB, Tanowitz HB, Garzoni LR, Spray DC. (2011) Gap junctions
and chagas disease. Adv Parasitol. 76:6381.
Spray DC and Scemes E (2012) Gap Junction Proteins (Connexins, Pannexins, and Innexins).
Encyclopedia of Biophysics, Ed: GCK Roberts, Springer-Verlag Berlin, in press.
Dermietzel, R. and Spray DC. (2012) Blood-Brain-Barrier and the Neural-Vascular Unit. In Astrocytes:
Wiring the Brain, Eds: E. Scemes and DC Spray. Taylor & Francis, CRC Press. pp. 179–203.
Dermietzel R and Spray DC (2012) Gap Junctions and Electrical Synapses In Textbook of Neuroscience in
the 21st Century: Basic and Clinical. Heidelberg: Springer Verlag.Editor-in-Chief: D.W. Pfaff.
Hanani M and Spray DC (2012) Chapter 11. Glial cells in autonomic and sensory ganglia In: Neuroglia.
Eds: H. Kettenmann and B. Ransom. Oxford University Press, in press. pp. 122–133.
Dermietzel, R. and Spray, D.C. (Eds) (2012) Electrical synapses: From the lab to the clinic. Brain Research
Reviews Special Issue
Wu D, Schaffler MB, Weinbaum S, Spray DC. Matrix-dependent adhesion mediates network responses
to physiological stimulation of the osteocyte cell process. Proc Natl Acad Sci U S A. 2013 Jul
16;110(29):12096–101.
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Spray DC, Hanstein R, Lopez-Quintero SV, Stout RF Jr, Suadicani SO, Thi MM. Gap junctions and
Bystander Effects: Good Samaritans and executioners. Wiley Interdiscip Rev Membr Transp Signal. 2013
Jan;2(1):1–15.
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Mitchell Steinschneider
Neurology/Neuroscience
Professor

The broad objective of this program is to elucidate neural mechanisms associated
with complex sound processing relevant for the perception of speech, music and
auditory scene analysis. The main laboratory project focuses on defining neural
mechanisms by examining electrophysiological responses within monkey audito-
ry cortex. There are many similarities between monkeys and humans in their
auditory cortex organization and in their ability to perform phonetic and complex
sound discriminations, highlighting the utility of primates as a reasonable electro-
physiological model. Direct recordings in monkey auditory cortex offer the
opportunity to investigate neural bases of complex sound encoding with a detail
that is unobtainable by studies in the human. Our studies will clarify normal
mechanisms of speech and other complex sound encoding, and serve as a bench-
mark for evaluating hypotheses regarding dysfunctional processes associated with
abnormal speech and hearing development. Studies in the monkey are comple-
mented by collaborative work examining complex sound processing in humans.
Current collaborations examine human sound processing through direct,
intracranial recordings of auditory cortex in patients undergoing surgical evalua-
tion for medically intractable epilepsy and developmental aspects of complex
sound processing through non-invasive scalp recordings in children.
Recent speech-related work has focused on the cortical processes involved in the
encoding of the voice onset time and place of articulation phonetic parameters.
Music-related studies have concentrated on auditory cortical encoding of pitch
and timbre, as well as the neural response features associated with consonance and
dissonance of musical intervals. Mechanisms responsible for sequential and simul-
taneous features of auditory scene analysis are a major focus of our current NIH-
funded monkey grant, as this basic analysis allows one to hear isolated speakers in
real-world, complex sound environments. Cortical responses in the monkey are
described using 4 complementary, concurrently recorded measures of neuronal
ensemble activity; multiunit activity (MUA), auditory evoked potentials (AEPs)
and the derived current source density (CSD) and spectral EEG analysis. CSD
analysis characterizes the temporal and laminar distributions of current sources
and sinks that reflect net synaptic activation and inhibition, whereas phasic MUA
patterns determine changes in the net firing rate of neuronal ensembles. These
recording procedures yield stable measures of the synchronized neuronal activity
required for complex sound encoding. Through their relationship with the EEG
and AEP, monkey intracortical responses can be directly linked with homologous
responses in humans.
Steinschneider, M., and Fishman, Y.I. (2011) Enhanced physiologic discriminability of stop consonants
with prolonged formant transitions in awake monkeys based on the tonotopic organization of primary
auditory cortex. Hearing Research, 271; 103–114.
Sussman, E., and Steinschneider, M. (2011) Attention modifies sound level detection in young children.
Developmental Cognitive Neuroscience, 1; 351–360.
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Steinschneider, M., Liégeois-Chauvel, C., and Brugge, J.F. (2011) Auditory evoked potentials and their
utility in the assessment of complex sound processing. In: Winer, J.A. and Schreiner, C.E. (Eds.), The
Auditory Cortex, Springer-Verlag, New York, Chapter 25, pp. 535–560.
Steinschneider, M., Nourski, K., Kawasaki, H., Oya, H., Brugge, J.F., and Howard, M.A. III. Intracranial
study of speech-elicited activity on the human posterolateral superior temporal gyrus. Cerebral Cortex,
in press.
Steinschneider, M. Phonemic representations and categories. In: Popper, A. and Fay, D. (Eds.), Springer
Handbook of Auditory Research: Neural Correlates of Auditory Perception. Springer-Verlag, New York. in
press.
Fishman, Y.I., and Steinschneider, M., (2010) Neural correlates of auditory scene analysis based on
inharmonicity in monkey primary auditory cortex. Journal of Neuroscience, 30; 12480–12494.
Fishman, Y.I., and Steinschneider, M. (2010) The formation of auditory streams. In: Palmer, A. and Rees,
A. (Eds.) The Auditory Brain. Part 2, The Oxford Handbook of Auditory Science. Oxford Univ. Press, Oxford.
Chapter 10, pp. 215–246.
Sussman, E., and Steinschneider, M. (2009) Attention effects on auditory scene analysis in children.
Neuropsychologia, 47; 771–785.
Fishman, Y.I., and Steinschneider, M. (2009) Temporally dynamic frequency tuning of population
responses in monkey primary auditory cortex. Hearing Research, 254; 64–76.
Steinschneider M., Fishman, Y.I., and Arezzo, J.C. (2008) Spectrotemporal analysis of evoked and
induced electroencephalographic responses in primary auditory cortex (A1) of the awake monkey.
Cerebral Cortex, 18; 610–625.
Sussman, E, Steinschneider, M., Gumenyuk, V., Grushko, J., & Lawson, K. (2008) The maturation of
human evoked brain potentials to sounds presented at different stimulus rates. Hearing Research, 236;
61–79.
Sussman, E., and Steinschneider, M. (2006). Neurophysiological evidence for context-dependent
encoding of sensory input in human auditory cortex. Brain Research, 1075; 165–174.
Steinschneider, M., Volkov, I.O., Fishman, Y.I., Oya, H., Arezzo, J.C., and Howard, M.A., III. (2005)
Intracortical responses in human and monkey primary auditory cortex support a temporal processing
mechanism for encoding of the voice onset time (VOT) phonetic parameter. Cerebral Cortex, 15;
170–186.
Fishman, Y.I., Arezzo, J.C., and Steinschneider, M. (2004) Auditory stream segregation in monkey audi-
tory cortex: effects of frequency separation, presentation rate, and tone duration. Journal of the
Acoustical Society of America, 116; 1656–1670.
Fishman, Y.I., Volkov, I.O., Noh, M.D., Garell, P.C., Bakken, H., Arezzo, J.C., Howard, M.A. and
Steinschneider, M. (2001) Consonance and dissonance of musical chords: Neural correlates in audito-
ry cortex of monkeys and humans. Journal of Neurophysiology, 86: 2761–2788.
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Elyse S. Sussman
Neuroscience/ Otorhinolaryngology-HNS
Professor

My research is in the field of Cognitive Neuroscience and is focused on under-
standing how auditory cognition changes across the lifespan (from infancy to
aging) and how it breaks down in individuals with developmental disorders (e.g.,
autism, language impairments, attention deficit disorder), and hearing impair-
ments. Our laboratory’s research uses a combination of non-invasive recordings of
human brain activity (event-related potentials [ERPs]), and functional magnetic
resonance imaging (fMRI), in conjunction with measures of behavioral perform-
ance to specify the processes and brain structures that contribute to the organiza-
tion, storage and perception of a coherent sound environment.
Shafer, V.L., & Sussman, E. (2011) Predicting the future: ERP markers of language risk in infancy. Clinical
Neurophysiology 122, 213–214.
Rimmele, J., Jolsvai, H., & Sussman, E. (2011) Auditory target detection is affected by implicit temporal
and spatial expectations. Journal of Cognitive Neuroscience 23(5), 1136–1147.
Sussman, E.S. & Steinschneider, M. (2011) Attention modifies sound level detection in young children.
Developmental Cognitive Neuroscience 1, 351–360.
Horvath, J., Sussman, E., Winkler, I., & Schröger, E. (2011) Preventing distraction: assessing stimulus-spe-
cific and general effects of the predictive cueing of deviant auditory events. Biological Psychology
87(1), 35–48.
Dinces, E., & Sussman, E. (2011) Effects of Acoustic Complexity on Processing Sound Intensity in 10–11
Year-old Children: Evidence from Cortical Auditory Evoked Potentials. Laryngoscope 121, 1785–1793.
Rimmele, J., Sussman, E., Keitel, C., Jacobsen, T. & Schröger, E. (2011) Electrophysiological evidence for
age effects on sensory memory processing of tonal patterns. Psychology and Aging. 27(2), 384–98.
Jolsvai, H., Sussman, E., Csuhaj, R, & Csépe, V. (2011) Neurophysiology of Hungarian subject-verb
dependencies with varying interposing complexity. International Journal of Psychophysiology. 2011
Dec;82(3):207–16.
Li X, Sroubek A, Kelly MS, Lesser I, Sussman E., He Y, Branch C, Foxe JJ. (2012). Atypical pulvinar-cortical
pathways during sustained attention performance in children with attention-deficit/hyperactivity dis-
order. J Am Acad Child Adolesc Psychiatry. 51(11), 1197–1207.
Sadia, G., Ritter, W., & Sussman, E. (2013). Category effects: Is top-down control alone sufficient to elic-
it the mismatch negativity (MMN) component? Biological Psychology, 92(2), 191–198.
Gulotta, B., Sadia, G., & Sussman, E. (2013). Emotional processing modulates attentional capture of irrel-
evant sound input in adolescents. International Journal of Psychophysiology, 88, 40–46.
Sussman, E. (2013). Attention matters: pitch vs. pattern processing in adolescence. Frontiers in
Developmental Psychology, 4 (333), 1–8.
Chen, S., & Sussman, E. (2013). Context effects on auditory distraction. Biological Psychology, in press.
Sussman, E., Chen, S., Sussman-Fort, J., & Dinces, E. (2013). Five Myths of MMN: Redefining how to use
MMN in basic and clinical research. Brain Topography, in press.
Näätänen, R., Sussman, E., Salisbury, D., & Shafer, V. (2014). Mismatch negativity (MMN) as an index of
cognitive dysfunction. Brain Topography, in press.
Pannese, A., Herrmann, C.S., & Sussman, E. (2014). Analyzing the auditory scene: Neurophysiologic evi-
dence of a dissociation between detection of regularity and detection of change. Brain Topography, in
press.
Sussman, E., Steinschneider, M., Lee, W., & Lawson, K. (2014). Auditory scene analysis in children with
developmental language disorders. International Journal of Psychophysiology. in press.
Sussman-Fort, J. & Sussman, E. (2014). The effect of stimulus context on the buildup to stream segre-
gation. Frontiers in Neuroscience, in press.
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Rimmele, J.M., Sussman, E., & Poeppel, D. (2014). The role of temporal structure: In sensory memory, in
auditory scene analysis, and in speech perception. International Journal of Psychophysiology, in press.
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Vytautas Verselis
Neuroscience
Professor

Connexins and Syndromic Sensorineural Deafness
Our work is focused on investigating the mechanistic basis of cochlear dysfunc-
tion in syndromic deafness caused by missense mutations in the GJB2 gene that
encodes the human connexin 26 (Cx26) gap junction (GJ) protein. Mutations in
GJB2 are one of the most common causes of inherited, non-syndromic deafness in
the human population. A subset of Cx mutations leads to syndromes in which
deafness is accompanied by a heterogeneous array of cutaneous manifestations.
Keratitis-Ichthyosis-Deafness (KID) syndrome is one of the more severe syn-
dromes associated with GJB2 mutations and is characterized by profound, pre-lin-
gual sensorineural hearing loss, vascularizing keratitis, skin lesions that can be
fatal due to uncontrollable sepsis and predisposition to squamous cell carcinomas.
GJs, which are formed by the docking of two, so-called hemichannels (HCs), one
from each of two contacting cells, are abundant between keratinocytes and
between cochlear support cells and serve as pathways for direct intercellular elec-
trical and chemical signaling. However, it is now evident that undocked Cx26 HCs
can function, thereby providing a signaling role across the plasma membrane. Our
principal hypothesis is that the pathogenesis of KID syndrome is the result of a
new type of channelopathy, specifically mediated by Cx26 HCs that function aber-
rantly leading to cell dysfunction and even cell death. We use a combination of
molecular, biophysical and imaging approaches to investigate the mechanisms by
which hemichannels are dysfunctional in KID syndrome. We have identified a
number of aberrant HC properties including altered permeability, impaired regu-
lation by extracellular Ca2+ and pH and shifted voltage-dependent gating. Our
current focus is on altered permeability to Ca2+ and ATP, two important signaling
molecules in cochlea and skin. To that end we are examining the effects of express-
ing hCx26 mutants in exogenous expression systems and in support cells of the
Organ of Corti using cochlear tissue explants. Parallel efforts are aimed at devel-
oping a mouse model for KID syndrome using a proof-of-principle 2-plasmid,
Tet-On inducible expression system in cochlea developed to express mutant GJB2
transgenes in keratinocytes. Finally we plan to screen for selective blockers of
Cx26 HCs, initially using a small library of compounds enriched in known ion
channel pharmacophores. Lead compounds will be followed-up through medici-
nal chemistry approaches to increase affinity and selectivity.
Sanchez HA, Bienkowski R, Srinivas M and Verselis VK (2014). Altered inhibition of Cx26 hemichannels
by pH and Zn2+ in the A40V mutation associated with keratitis-ichthyosis-deafness syndrome. J Biol
Chem 289:21519-32. PMCID—in process.
Sanchez HA and Verselis VK (2014). Aberrant Cx26 hemichannels and keratitis-ichthyosis-deafness syn-
drome: Insights into syndromic hearing loss. Front. Cell. Neurosci. doi: 10.3389/fncel.2014.00208.
Sanchez HA, Villone K, Srinivas M and Verselis VK (2013). The D50N mutation and syndromic deafness:
Altered hemichannel properties caused by effects on the pore and inter-subunit interactions. J Gen
Phys 142:3–22. PMCID: PMC3691445.
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Verselis VK and Srinivas M (2013). Connexin channel modulators and their mechanisms of action.
Neuropharm 75:517–24. PMCID: PMC3775990.
Kronengold J, Srinivas M,Verselis VK. (2012) The N-Terminal Half of the connexin protein contains the
core elements of the pore and voltage gates. J Membr Biol. PMCID: PMC3735448.
Rubinos C, Sánchez HA,Verselis VK, Srinivas M (2012). Mechanism of inhibition of connexin channels by
the quinine derivative N-benzylquininium. J Gen Physiol 139:69–82. PMCID: PMC3250100
Sanchez, HA, Mese G, Srinivas M, White TA and Verselis VK (2010). Differentially altered Ca2+ regulation
and Ca2+ permeability in Cx26 hemichannels formed by A40V and G45E mutations that cause kerati-
tis-ichthyosis-deafness syndrome. J Gen Phys 136:42–62. PMCID: PMC2894548.
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Steve Walkley
Neuroscience/Pathology/Neurology
Professor

Director, Rose F. Kennedy Intellectual and Developmental Disabilities
Research Center
Head, Sidney Weisner Laboratory of Genetic Neurological Disease
Pathobiology and treatment of lysosomal disorders of brain
The research interests of my laboratory are concerned with analysis of pathogenic
cascades and development of therapeutic strategies for genetic disorders of the
endosomal-lysosomal system. Examples of primary lysosomal diseases include
Tay-Sachs, Hurler, Sanfilippo, Niemann-Pick, and Batten disorders, all of which
are characterized by insidious onset and progression of neurological dysfunction,
including severe intellectual disability, following an initial period of normal devel-
opment. Primary proteins implicated in these diseases include not only lysosomal
hydrolases but also soluble and membrane-associated proteins often of unknown
function. Animal models include both spontaneous conditions in a variety of
species and gene knockout models in mice, both of which are used in our studies.
Neurons affected by storage diseases often display remarkable abnormalities,
including growth of ectopic dendrites, neuroaxonal dystrophy, abnormalities in
autophagy and salvage systems, and selective vulnerability
to premature death. Our studies are focused on the link between the primary pro-
tein defect and the abnormal accumulation of substrate (gangliosides, gly-
cosaminoglycans, cholesterol, etc.) and with the subsequently induced changes in
trafficking and signaling events within affected neurons. Therapeutic strategies are
presently focused on small molecule therapy directed at reducing substrate stor-
age. To date our work has led to development of two new therapies for the lysoso-
mal disease known as Niemann-Pick type C.
Davidson, C.D, Ali, N.F.,Micsenyi, M.C., Stephney,G.,Dobrenis, K.,Ory,D.S.,Vanier, M.T., and Walkley, S.U.,
Chronic cyclodextrin administration in Niemann-Pick C disease ameliorates intraneuronal cholesterol
and glycosphingolipid storage and disease progression. PLoS ONE (epubl Sept 11, 2009) PMCID:
PMC2736622
Micsenyi, M.C., Dobrenis, K., Stephney, G., Pickel, J., Vanier, M.T., Slaugenhaupt, S.A. and Walkley, S.U.
Neuropathology of the Mcoln1j/j knockout mouse model of mucolipidosis Type IV. J. Neuropath Exp
Neurol 68:125–135, 2009. PMID:19151629
Walkley, Steven U., Sikora, Jakub, Micsenyi, Matthew, Davidson,Cristin, and Dobrenis, K. Lysosomal
compromise and brain dysfunction: Examining the role of neuroaxonal dystrophy. Biochem Soc Trans
38:1436–1441, 2010. PMID:21118103
Strømme P, Dobrenis K, Sillitoe RV, Gulinello M, Ali NF, Davidson C, Micsenyi MC, Stephney G, Ellevog
L, Klungland A, Walkley SU. X-linked Angelman-like syndrome caused by Slc9a6 knockout in mice
exhibits evidence of endosomal-lysosomal dysfunction. Brain. 134:3369–3383, 2011. Epub 2011/10/04
PMID:21964919 PMCID:PMC3212719
Zhou S., Davidson C., McGlynn R., Stephney G., Dobrenis K, Vanier M.T., Walkley S.U.
Endosomal/Lysosomal Processing of Gangliosides Affects Neuronal Cholesterol Sequestration in
Niemann-Pick Disease Type C. Am J Pathol June 2, 2011 (Epub ahead of print) PMID:21708114; PMCID:
PMC3157170
Lieberman AP, Puertollano R, Raben N, Slaugenhaupt S, Walkley SU, Ballabio A.Autophagy in lysosomal
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storage disorders. Autophagy. 2012;8(5):719–30. Epub 2012/06/01. doi: 10.4161/auto.19469. PMID:
22647656; PMCID: PMC3378416.
Micsenyi MC, Sikora J, Stephney G, Dobrenis K, Walkley SU. Lysosomal membrane permeability stimu-
lates protein aggregate formation in neurons of a lysosomal disease. J Neurosci 33:10815–10827, 2013.
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Deyou Zheng
Neurology/Neuroscience and Genetics
Associate Professor

Bioinformatics and Computational Genomics
The research field of my group is Computational Genomics and Bioinformatics,
with a strong focus of mining large-scale experimental genomic data to decipher
the function of the human genome and the genomes of other model organisms.
We develop and apply computational techniques for integrating data of compara-
tive genomics and functional genomics (and epigenomics) to decode the struc-
ture, function, and evolution of the human genome. More generally, we are inter-
ested in bioinformatic and statistical approaches for exploiting novel and biologi-
cally significant patterns in high-throughput genomic data. Recently, we have
become highly interested in the expression, regulation, and evolution of human
genes (coding or non-coding) that are involved in the development, specification,
maturation, and maintenance of human neural systems. Working extensively with
experimentalists, our study will contribute important information to neurodegen-
erative diseases and many other brain diseases.
For more details, please see our website dain.aecom.yu.edu/zhenglab.
Lin M, Pedrosa E, Shah A, Hrabovsky A, Maqbool S, Zheng D, Lachman HM. (2011) RNA-Seq of Human
Neurons Derived from iPS Cells Reveals Candidate Long Non-Coding RNAs Involved in Neurogenesis
and Neuropsychiatric Disorders. PLoS ONE 6: e23356.
Pedrosa E, Shan A, Tenore C, Capogna M, Villa C, Guo X, Zheng D, Lachman HM. (2011) ß-catenin pro-
moter ChIP-chip reveals potential schizophrenia and bipolar disorder gene network. J Neurogenet 24:
182–193.
Guo X, Freyer L, Morrow B, Zheng D. (2011) Characterization of the past and current duplication activ-
ities in the human 22q11.2 region. BMC Genomics 12:71.
Wontakal SN, Guo X, Will B, Shi M, Raha D, Mahajan MC, Weissman S, Snyder M, Steidl U, Zheng D*,
Skoultchi AI*. (2011) A large gene network in immature erythroid cells is controlled by the myeloid and
B cell transcriptional regulator PU.1. PLoS Genet 7:e1001392. (*co-corresponding authors)
Goldberg AD, Banaszynski LA, Noh KM, Lewis PW, Elsaesser SJ, Stadler S, Dewell S, Law M, Guo X, Li X,
Wen D, Chapgier A, DeKelver RC, Miller JC, Lee YL, Boydston EA, Holmes MC, Gregory PD, Greally JM,
Rafii S, Yang C, Scambler PJ, Garrick D, Gibbons R, Higgs DR, Cristea IM, Urnov FD, Zheng D*, Allis CD*
(2010). Distinct factors control histone variant H3.3 localization at specific genomic regions. Cell
140:678–691. (*co-corresponding authors)
Zheng, D*, Zhao, K and Mehler, M. (2009) Profiling RE1/REST-mediated histone modifications in the
human genome. Genome Biol 10:R9. (*corresponding author)
Guo X, Zhang Z, Gerstein MB, Zheng D. (2009) Small RNAs originated from pseudogenes: cis- or trans-
acting? PLoS Comput Biol 5(7): e1000449.
Zheng, D. (2008) Asymmetric histone modifications between the original and derived loci of human
segmental duplications. Genome Biol 9: R105.
Zheng, D. and Gerstein, M. (2007) The ambiguous boundary between genes and pseudogenes: the
dead rise up, or do they? Trends Genet 23, 219–24.
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R. Suzanne Zukin
Neuroscience
F.M. Kirby Professor of Neural Repair and Protection

Director, Neuropsychopharmacology Center
There are four major lines of ongoing research in the Zukin lab.
First, we are studying the molecular and cellular mechanisms
that regulate N-methyl-D-aspartate-type glutamate receptor
(NMDA receptor) expression at synapses in the brain. We dis-
covered that the switch in NMDA receptor phenotype at hip-
pocampal synapses during normal brain development is regu-
lated by epigenetics in an experience-dependent manner. In
normal brain, the gene silencing transcription factor REST is
activated during a brief window of time in differentiated neu-

rons of the hippocampus, a brain center implicated in learning and memory, and
drives the switch from immature to mature NMDA receptors. Remarkably, depriv-
ing pups of maternal access for brief periods of time during the first postnatal
week prevents activation of REST and epigenetic modifications essential to acqui-
sition of mature NMDA receptors and normal brain development. These findings
have striking implications for treatment of anxiety, post-traumatic stress and other
disorders associated with early maternal separation. New questions are: What is
the mechanism by which REST is activated during brain development? Do other
forms of stress regulate the switch in NMDA receptors? What are the conse-
quences of blocking the switch? Our interest stems from the fact that NMDA
receptors play a central role in cognitive functions such as learning and memory,
synaptic plasticity and formation of neural circuitry. NMDA receptor dysregula-
tion is implicated in Alzheimer’s disease, Huntington's disease, AIDS dementia,
stroke and schizophrenia.

Second, we are studying the molecular and cellular mechanisms that underlie the
neuronal death associated with stroke and epilepsy. We discovered that neuronal
insults activate REST in selectively vulnerable adult hippocampal neurons. Upon
activation, REST orchestrates epigenetic reprogramming of neuronal genes in dif-
ferentiated neurons. We further showed that prolonged activation of REST is
causally related to neuronal death in a clinically-relevant model of ischemic stroke.
A key downstream target of REST in insulted CA1 neurons is the gene encoding
the AMPA receptor subunit GluA2. This is of interest because the GluA2 subunit
governs calcium permeability, channel conductance and AMPA receptor traffick-
ing to and from synaptic sites. GluA2-lacking AMPA receptors are highly perme-

Na+, Ca2+

C1

PKA 
 

PPI

GluN1 GluN2 

NMDAR

Yotiao 

N

NMDAR

Na+ aC,, 2+

luN

C1C1

GG

otiaoYYotiao
11

1 G 2N1 luN2G

REST ubiquitination 

REST corepressor
complex

Histone
modifications

RE1

RE1
CpG

mSin3 CoREST

HDAC MeCP2

G9a

HDAC

COOH
REST

NH2

REST corepressor
complex

Histone
modifications

RE1

RE1
CpG

mSin3 CoREST

HDAC MeCP2

G9a

HDAC

COOH
REST

NH2

Histone
modifications

RE1

RE1
CpG

RE1

RE1

RE1

RE1
CpG

mSin3 CoREST

HDAC MeCP2

G9a

HDAC

mSin3 CoREST

HDACHDAC MeCP2MeCP2

G9aG9a

HDACHDAC

COOH
REST

NH2 COOH
REST

NH2

COOH 

REST expression  

REST
NH2

REST  

!-TrCP   
SKP1

CUL1

RBX1
UBC

Ub

small protein

REST  

!-TrCP   
SKP1

CUL1

RBX1
UBC

Ub

small protein

COOH
REST

NH2

Ischemia 

CK1

REST silencing 
target genes 

P Neuronal 
death 



87

able to calcium and zinc, which rise to toxic levels in insulted neurons. Objectives
are: 1) to understand how REST is activated in insulted neurons; 2) to examine
epigenome-wide dysregulation of REST targets in stroke, Huntington's disease
and Alzheimer's disease; and 3) to identify novel strategies to protect the human
brain from neurodegeneration. Our interest stems from the known role of AMPA
receptors in neuronal death arising in stroke, epilepsy, ALS and spinal cord injury.
A third area of interest is
that of estrogen neuropro-
tection in animal models of
stroke, including global
ischemia. Recently, we
found that long-term treat-
ment with estrogen at phys-
iological levels ameliorates
death of hippocampal neu-
rons and cognitive deficits
associated with global
ischemia. We showed that
ischemia and estrogen act synergistically to activate the transcription factor
STAT3 and promote transcription of survivin, an inhibitor of apoptosis protein
and gene target of STAT3, in insulted CA1 neurons. In experiments in which we
employ direct delivery of shRNA constructs into the hippocampal CA1 of living
animals, we found that STAT3 and survivin are essential to estrogen neuroprotec-
tion. These findings identify STAT3 and survivin as therapeutic targets in a clini-
cally-relevant model of stroke. Objectives are to identify epigenetic mechanisms
by which estrogen rescues neurons. Our interest stems from data that estrogen
reduces the risk of cardiac arrest and stroke in animal models.
A fourth area of interest is that of RNA trafficking and targeting to dendrites and
local protein synthesis in Fragile X syndrome. We found that mTOR signaling is
overactivated in hippocampal neurons of Fragile X mice and causally related to
aberrant synaptic plasticity. We also found that targeting of AMPAR mRNAs to
synapses under basal conditions and in response to mGluR signaling is dysregu-
lated in Fragile X neurons. We are using a combination of high resolution imaging
of individual mRNA molecules (in collaboration with the Singer lab), molecular
biology, and electrophysiology to examine AMPAR mRNA trafficking, local trans-
lation, synaptic plasticity and spine structure in Fragile X mice. Objectives are to
identify novel signaling pathways that play a role in synaptic dysfunction. We
believe that understanding the mechanisms responsible for abnormal function at
the synapse will advance novel therapeutic strategies to ameliorate cognitive
deficits in Fragile X syndrome and unlock doors for treating other autism spec-
trum disorders.
Positions for graduate students and post-doctoral fellows are available in all four
areas of the laboratory's research. Independent researchers and ideas are welcome,
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while well-defined and achievable projects are waiting for motivated, young inves-
tigators.
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