


Reversibly constraining the human spliceosome through an engineered disulfide
crosslink
Yehonatan Meschede-Krasa, Patrick McCarthy, Kelsey Anthony, Erin Garside, Andrew MacMillan, Daniel Pomeranz
Krummel
Most human protein coding genes contain coding (exon) and noncoding (intron) sequences. In a process called pre-
mRNA splicing, introns are removed and exons spliced together from the precursor-mRNA transcripts (pre-mRNAs) of
such genes. Pre-mRNA splicing is catalyzed by the spliceosome - a dynamic ‘machine’ composed of five sub-
complexes or U snRNPs. To catalyze splicing, the U snRNPs assemble onto a pre-mRNA in an ordered pathway to
form the E, A, B, B* and C intermediates. Difficulties in capturing these intermediates has hindered their characterization
and structural investigation, particularly of the B complex which progresses to a catalytically active state or B* complex
following dissociation of U1 and U4 snRNPs. We hypothesize that through a site-specific engineered crosslink between
a thiol-modified pre-mRNA and a mutagenized subunit of U1 snRNP, dissociation of U1 snRNP can be prevented and a
pre-catalytic B complex reversibly trapped. We report on expression, purification, and characterization of mutant
variants of a U1 snRNP subunit to be used to engineer a disulfide crosslink.
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Applications of Light Point Tracking in Ophthalmology
Forrest Webler, Hermann Wellenstein
Ophthalmologists at the Boston Foundation for Sight, BFS, have developed a large contact lens that restores the vision
of patients with complex corneal disease.  The goal of our project is to develop an apparatus which can scan the eye for
lens fitting.  We use an array of LEDs projected onto the sclera and cameras to locate the reflected points in space.  In
our lab we use a plastic ball and map a 12x12mm spherical surface.  We have been successful in obtaining <100µm
precision.

Poster # 2014.302

Forrest Webler (Brandeis / Physics)

The Role of Chromosome Territory for DSB-Mediated Gene Conversion Frequency
in Saccharomyces cerevisiae
Wendy (Ruoxi) Wang, Cheng-Sheng Lee, and James E. Haber
DNA Double-stranded breaks (DSBs) can disrupt genome integrity and cause chromosomal instability. Failures in DSB
repair are associated with human diseases such as growth retardation and cancer. It has been noted that nuclear
architecture and organization are important factors that regulate DNA-based cellular processes. Here we use
Saccharomyces cerevisiae to study the role of chromosome territory in one of the major DSB-repair pathways,
homologous recombination. We assayed viabilities for single-donor strains in which a GAL-inducible DSB at the can1
locus could be repaired through gene conversion using an ectopic donor located at various loci. The positions of the
testing donors were chosen based on the average chromosomal contact probability, which can be further converted into
a three-dimensional yeast genome map. We also inserted one reference donor into the single-donor strains and
assessed the relative usage of the testing donor using a two-donor competition assay. By correlating both strain viability
and donor usage with contact probability respectively, we found a direct relationship between the donor-break distance
and the DSB-repair efficiency. Based on Pearson analysis, there is a positive correlation between maximum contact
probability and viability (r=0.74). When two donors are present, the donors lying closer to the break in general have a
higher usage in gene conversion (r=0.87). This indicates that DSB-mediated homologous recombination is heavily
subjected to chromosome territory. In addition, our present result suggests that limiting resection rate and increasing
donor size may be promising ways to enhance DSB repair efficiency.
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Quantification of Neuronal Morphology in the Stomatogastric Ganglion of C. borealis
Isabelle Moore*, Richard Hao*, Theodore Brookings, Marie Goeritz, and Eve Marder
(* These authors contributed equally to this to this work)
While the primary functions of the crustacean stomatogastric nervous system and its constituents, specifically the
stomatogastric ganglion, are well understood, the relationship between the morphology of the neurons involved and
their functions is relatively unknown. This study focused on two cell types found in the stomatogastric ganglion of C.
borealis: pyloric dilator neurons (PD) and lateral pyloric neurons (LP), both of which contribute to the modulation of the
pyloric rhythm: a triphasic pattern that constricts and dilates the pylorus region of the stomach. Nine images of dye-filled
pyloric neurons, 5 PD and 4 LP, were taken through confocal microscopy and used in Imaris (Bitplane) to create three-
dimensional digital models through filament tracing. Using this information, we can simulate a simple passive model on
the different geometries, allowing for the investigation of the relationship between the form and function of PD and LP
neurons. By establishing a quantitative comparison of PD and LP neuronal morphology through Sholl analysis, an
examination of their changes in radius at branch points, tortuosities, and other graph properties, the effect of neuron
structure on function can be further explored. Thus far, we have not found striking differences between cell types
despite their significantly different functions.
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Assessing Treatment Fidelity in a Naturalistic Treatment Setting
Garner, L., Stein, A., Beard, C. & Bjorgvinsson, T.
Introduction: Fidelity and adherence to therapeutic protocols is critically important when assessing the clinical outcomes
for various treatments. Failure to assure fidelity to a novel therapy may result in misinterpretation of outcome data.
Experimental studies are based on a foundational assumption that the therapy provided is the one intended. Treatment
fidelity is equally important in the clinical realm, to assure that patients receive an effective and reliable treatment
program. This study aimed to develop and assess treatment fidelity in a live, naturalistic setting, providing a unique
addition to the current literature.
Methods: Treatment fidelity-rating scales were developed based on existing group protocols. During the preliminary
ratings, it was determined that some of the rating scales and protocols required modification. During this time, data were
collected to assess inter-rater reliability. This data collection was completed in real time, without the use of a recording
device. Following this initial period, finalized protocols and rating scales were developed and used. Rating scales
ranged in length from 12 to 38 questions, each with a dichotomous, yes or no answer options. Data were also obtained
regarding participant attendance and participation.
Results: Out of 90 total groups offered at the Behavioral Health Partial Program (BHP) at McLean Hospital, 13 were
selected as a representative sample of group treatment overall. Inter-rater reliability was good (r= 0.988). Treatment
fidelity was assessed for each group and collectively. Overall group leaders addressed 83% of protocol components
during each group.
Conclusion and future research: Our assessment method for treatment fidelity showed acceptable inter-rater reliability,
and good overall treatment fidelity. For the groups that demonstrate lower fidelity, modifications were made to both the
protocol and scales to ensure accurate and high quality care. These scales will be used in the future to ensure
continuity and maintenance of high fidelity standards. The development and use of these protocols in the BHP may
serve as a model for other programs both within and outside of McLean hospital.
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Autophosporylation and kinetic assays show insight into activation mechanisms of
tyrosine kinases Src, Abl, and their ancestors
S. Biswas, R.V. Agafonov, C. Wilson, D. Kern
Tyrosine kinases play an important role in signaling pathways throughout the cell. Src and Abl are closely related
tyrosine kinases that are structurally similar in both active and inactive states, but vastly differ in their regulation
mechanisms. In order to investigate these regulatory mechanisms and their evolution over time, we reconstructed a
common ancestor of Src and Abl and the common ancestors between Abl/Src and the Tec and Fes families of kinases.
We compared their activities, abilities to autophosphorylate, and studied the effect of activation loop phosphorylation (a
major regulatory element) on catalytic activity.  We resurrected the ancestors to better understand the evolution of these
kinases; the ancestors include Anc 76 and Anc 86, which are earlier kinases, and Anc 103, which is the common
ancestor of Src and Abl. We autophosphorylated Src, Abl, and the ancestors, and then analyzed the results with
Western blots. We also performed kinetic assays to compare the activities of these enzymes in both the
unphosphorylated state and upon phosphorylation. We found that the ancestors were active, Src appears to
autophosphorylate more quickly than Abl, and the effect of phosphorylation was greater on more modern enzymes.
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A genetic screen to explore the immune response in a Drosophila model of Lowe
Syndrome
Katy Lehmann, Sarah Biber, and Avital Rodal
Lowe syndrome is an x-linked disease that causes neurological abnormalities, glaucoma and renal failure, due to a
mutation in the OCRL gene, which is a phosphoinositide-5-phosphatase involved in endocytosis and intracellular
trafficking. We recently developed a model of Lowe syndrome in Drosophila, by knocking out the Drosophila OCRL
homolog, dOCRL. docrl mutants cause immune cell over-proliferation, multinucleate cells and an increase in
lamellocytes, which indicate an activation of innate immunity in the absence of infection. How this docrl mutation causes
the phenotypes associated with an immune response is not yet understood. In order to gain a better understanding of
the mechanism of the dOCRL mutation in vivo, a rapid whole-animal fluorescence assay was developed to measure
hemocyte proliferation. We are using this assay to screen candidate genes for genetic interactions with docrl.
Preliminary evidence using this technique shows that the actin nucleation promoting factor SCAR is required for robust
immune cell overproliferation in the mutant background.  These results will pinpoint cellular events involved in producing
the docrl mutant phenotype, will lead to a better understanding of the mechanism of the disease, and may eventually
lead to better treatment for patients.

Poster # 2014.307

Katy Lehmann (Brandeis / Biology)

Support: Lowe Syndrome Association

Investigating the Promiscuity of an Evolutionary Intermediate that Functions as Both
a Malate and Lactate Dehydrogenase
Michelle Fry, Jeff Boucher, Brian Beckett, Douglas Theobald
Malate and lactate dehydrogenases (MDH and LDH) are metabolic enzymes that have similar structures and kinetic
mechanisms but differ in substrate specificity. A phylogenic analysis revealed that LDH activity has convergently
evolved from MDHs on four separate occasions. In Apicomplexans, which includes parasitic eukaryotes such as
malarial Plasmodium, a six amino acid insertion in the catalytic loop is responsible for the evolution of LDH activity.
Along this evolutionary trajectory, a promiscuous intermediate was identified that can act as both a LDH and a MDH.
The biochemical mechanisms responsible for this promiscuity are currently unknown. We made disruptive mutations to
break up the tetrameric interface and create a stable dimer to study the dynamics of the promiscuous intermediate using
NMR.
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The role of nuclear Rem2 in regulating dendritic morphology
Urann Chan, Katelyn Kenny, Anna R. Moore, Michael T. Marr 2nd, Suzanne Paradis
Rem2, a member of the RGK family of small Ras-like GTPases is an activity-regulated gene that has been identified as
both a positive regulator of synapse formation and a negative regulator of dendritic complexity. Our lab has shown that
Rem2 functions in a signaling cascade with Ca2+/calmodulin-dependent protein kinases (CaMKs), where Rem2 is
downstream of CaMKII and upstream of CaMKIV. Specifically, CaMKII phosphorylation leads to increased nuclear
localization of Rem2 where it functions to restrict dendritic growth, possibly by inhibiting CaMKIV mediated transcription.
Although Rem2 functions to restrict dendritic complexity, it is unclear what Rem2 is directly regulating in the nucleus.
Therefore, we are interested in investigating how Rem2 affects the expression of genes important for proper dendritic
arborization and subsequently, if this interaction involves regulating any transcriptional machinery. Toward this goal, we
have created two viral constructs; one containing an shRNA-targeting Rem2 and the other is an empty vector control.
Two subsets of cultured cortical neurons, either left untreated or treated with KCl, to stimulate activity, were infected with
a lentivirus carrying each plasmid, respectively. By changing levels of activity and Rem2 in the cells and measuring
mRNA concentrations via RNAseq, we will be able to identify genes downstream of Rem2. Once target genes are
identified, we can validate whether they are important for structural plasticity by performing an RNAi-mediated
knockdown and assaying the effect on dendritic complexity.
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A role for proteostasis in controlling the DNA damage checkpoint
Jessie Ang, David P. Waterman, Vinay Eapen, Amelie Bernard, Daniel Klionsky, and James E. Haber
DNA damage in eukaryotic cells must be repaired before mitosis occurs so that damaged chromosomes do not
segregate and result in translocations or aneuploidy. In response to chromosomal damage,  the DNA damage
checkpoint-mediated cell cycle arrest is triggered to allow the cells time to repair the damage.  If damage remains after 9
-12 hours, cells adapt; they switch off the DNA damage checkpoint and proceed through the cell cycle despite
catastrophic genotoxic stress. Here, the HO endonuclease was used to induce a single double-strand break (DSB).
Adaptation-defective mutants that fail to re-enter the cell cycle following checkpoint deactivation were discovered to
have their defect because of degradation of proteins necessary for adaptation. Yeast have two pathways by which
proteins are degraded, the ubiquitin-proteasome system and autophagy. How the proteolysis pathways regulate the
ability of yeast to adapt to a DSB was investigated through targeting different genes involved in this pathway.  Key DNA
repair proteins were found to be degraded by both proteasomes and autophagy.  This can lead to more insight on how
to regulate the homologous pathways in humans in order to keep cells with irreparable DNA damage from going through
mitosis; the way cancerous cells develop.
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Moonlighting Interactions of Escherichia coli IMPDH
Daniel J. Kats, Deviprasad Gollapalli, Yifan Dang, and Lizbeth Hedstrom
Inosine-5'-monophosphate dehydrogenase (IMPDH), which converts inosine-5'-monophosphate to xanthosine-5'-
monophosphate during guanine nucleotide synthesis, is amplified in rapidly proliferating cells, making it a potential
candidate for cancer therapies and antibiotic drugs. Mutations in IMPDH have also been linked to inherited retinal
degeneration. Previous research in the Hedstrom Laboratory discovered that IMPDH binds to ribosome and RNA
polymerase in Escherichia coli. I designed several IMPDH mutants to disrupt the binding between IMPDH and ribosome
in order to locate the binding site. Future experiments will use affinity chromatography to purify IMPDH from wild type E.
coli. The IMPDH will then be screened for the presence of bound ribosome and RNA polymerase using western blots.
Both of these techniques are currently being optimized.
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Epigenetic Silencing of the ump Gene upon Transformation of Naegleria gruberi
Huiyao Ouyang, June Pais, Elaine Y. Lai, Yu Zheng, Chandler Fulton
Cell differentiation is a crucial process that occurs in the lives of all multicellular organisms. Studying this process in the
unicellular eukaryote Naegleria gruberi is advantageous because of its unique ability to change from an amoeba into a
flagellate in a rapid, synchronous, and temporally reproducible differentiation. Molecular genetics is necessary to
decipher the activities and regulation of different genes during the differentiation. Years ago, using N. gruberi NEG strain
and the ump gene as the selectable marker, the Fulton lab obtained genetic transformants with transcriptionally inactive
ump genes (unpublished). However, the sequence of the ump genes was unchanged in the transformants. Moreover,
the activity of the ump gene sometimes returned after prolonged cultivation of transformants in the absence of selection.
These findings indicated that we had not achieved genetic transformation and led us to believe that the silencing of the
ump gene was due to an epigenetic mechanism. Recently, evidence has shown that DNA methylation is an active
process in N. gruberi. With current technology, we returned to pursuing these transformation experiments. By
elucidating the mechanisms that cause the silencing of the ump gene, perhaps involving DNA methylation, we may gain
valuable insights into epigenetic gene regulation in general. We hope, too, that this knowledge can be applied in the
future into seeking integrative transformation of N. gruberi.
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Optimization of a Granular Structure
Edwin Faican, Remi Boros, Bulbul Chakraborty
As seen on trips to the beach, adding enough water to dry sand allows the creator to form towering sandcastles, while
adding too much or too little can lead to premature castle collapses. By taking the experimental data from Daniel Bonn’s
“How to Perfect a Sandcastle,”we found relationships between the heights of sand pillars in relation to their relative
water per percentage volume ratios.  Using PVC tubing with a 2cm radius, we found the optimum percent volume of
water in sand to be 12%.
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Getting Gametes: Searching for Genetic Exchange in Naegleria minor
Tova Emma Gerber and Chandler Fulton
The amoeboflagellate, Naegleria gruberi, strain NEG, is a fascinating organism that undergoes a process of cell
differentiation when starved, taking it from an amorphous amoeba to a swimming flagellate. NEG has the potential to be
a useful model for answering important biological questions, but it lacks the genetic tools. Although strain NEG, studied
thoroughly by the Fulton lab for over half a century, has not been observed to have a sexual cycle, the genome provides
strong evidence that it does. Another species, Naegleria minor, strain PNG2, shows behavior that suggests sexuality.
During differentiation, strain PNG2 undergoes 2-3 cell divisions over the span of 8 hours, during which it forms small
flagellates. These small flagellates are not culturable, but when incubated with bacteria some become culturable. We
believe that this process of differentiation involves meiosis and gametogenesis. In this scenario, the small flagellates are
“gametes” and the cells that regain culturability are “zygotes.” In order to establish a genetic system in PNG2, we plan to
isolate several mutant strains of PNG2, and demonstrate genetic exchange by crossing these mutants and selecting
recombinants. We found, however, that PNG2 differs more from NEG than we expected. The procedures for
mutagenesis and selection for mutants, which are routinely successful in NEG, have so far not worked in PNG2. In
addition, we discovered an unexpected instability in the PNG2 strain, which does not exist in NEG. During growth and
selection, PNG2 frequently loses its capacity to undergo its remarkable differentiation. This instability warrants further
study, and opens the exciting possibility of a “fertility plasmid.”
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Cyclase-Associated Protein Works With ADF/Cofilins to Enhance F-Actin and G-
actin Dynamics
Abriana Harvey, Silvia Jansen, Samantha Chin, Adam Johnson, Bruce Goode
The actin cytoskeleton is a self-sustaining system that drives important biological processes like endocytosis, cell
migration and morphogenesis. It relies on the rapid and simultaneous assembly of numerous filaments from a finite pool
of actin monomers, counterbalanced by equally rapid disassembly. Cofilin is an actin-binding protein that plays a central
role in disassembly due to its unique property to sever actin filaments (Hild et al., 2014). In addition, cofilin binds ADP-
actin monomers such that they cannot be recycled for a new round of actin assembly. In mammals, three different cofilin
isoforms are expressed: cofilin-1 (Cof1), actin-depolymerizing factor (ADF) and cofilin-2 (Cof2). The first two are
ubiquitously expressed, while Cof2 has only been found in muscle cells. Out of all cofilins, only cofilin-1 has been shown
to interact with another disassembly factor called cyclase-associated protein (Srv2/CAP). CAP1 enhances cofilin-
mediated severing and catalyzes the dissociation of Cof1 from ADP-actin monomers and stimulates nucleotide
exchange (Chaudhry et al., 2013). In this study, we compared if CAP1 can function equally well with Cof2 and ADF as
with Cof1 in actin disassembly assays and nucleotide exchange assays. The actin disassembly assays show that CAP1
enhances Cof2 and ADF mediated F-actin severing equally well as Cof1. In addition CAP1 can relieve the inhibition of
Cof2 and AFD on actin nucleotide exchange as it does in the presence of Cof1.

In addition to the ubiquitously expressed CAP1, mammalian cells also express a muscle-specific isoform, CAP2. We
wondered if CAP2 might function better with muscle-specific Cof2. To test I started   working on cloning an expression
plasmid for CAP2. This DNA construct will then be used to obtain the CAP2 protein which will be used in the same
assays as CAP1.
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Determining the Polarization Impurity of the Jansky VLA
Jose Vargas, John Wardle
The Jansky Very Large Array (VLA) , an array of 27 25-m diameter radio telescopes located in New Mexico, enables
astronomers to create high-resolution images of the radio emission from distant galaxies and quasars using radio
interferometry. The array's receivers have recently been upgraded to have much greater bandwidth and sensitivity, but
they have exacerbated known issues with the system that have reduced the maximum possible image quality by over a
factor of 10. Here I focus on the polarization impurity of the the feeds (called the D-terms), as their large measured
values lead to significant errors entering total intensity images. In order to determine their absolute values to remove
these errors, I determined the relationships between the absolute and relative values and applied that information to an
observation done with the Very Long Baseline Array (VLBA). As of now our techniques of deriving the absolute D-terms
seem to be in agreement with values found in the VLBA study with differences ranging from 0.1-1%. Using these
techniques can allow astronomers to improve overall dynamic range and quality of images, allowing them to look deeper
into the early universe.
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Pre-exposure to a Diverse Array of Tastes Enhances Later Conditioned Taste
Aversion
Max J. Bernstein, Veronica L. Flores, Donald B. Katz
Conditioned taste aversion (CTA)—a heavily-studied model of associative learning--is a paradigm whereby an animal
comes to recognize that a taste causes malaise. Previous research has demonstrated one way in which experience can
alter this form of associative learning: exposure to the taste before conditioning results in a reliable attenuations of CTA.
The impact of experience with other taste/s on CTA to a novel taste has received little investigation, however. Recent
research in the Katz lab has suggested that prior experience with a small array of tastes increases the severity of a later
CTA to a novel tastes—that is, previous taste experiences can alter the impact of future taste experiences. The current
study investigates the neural substrates of this learning phenomenon using optogenetic inhibition of the gustatory cortex
(GC) during CTA conditioning. We hypothesize that, since GC has been heavily implicated in taste perception and
normal CTA learning, inactivation of the gustatory cortex will result in the attenuation of the impact of prior experience. A
deeper understanding of this phenomenon can lead to a more transferable model of sensory learning in animals with
previous sensory experiences including humans.
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A Cortical Model of the Development of Direction Selective Columns
Ian K. Christie, Stephen D. Van Hooser
The development of directional selectivity has emerged as a classic investigation of neural circuit development.
Biological studies have revealed that maturing DS networks require experience and a suppression of input in the null
direction. We present two feed-forward cortical rate-based model that allow for the development of DS simulating
biological observations. The initial model consists of a simple coupled-pair neural circuit that receives biased input from
the thalamus representing directionality of stimuli and a plasticity method that is weighted towards long-term depression.
The second model is of an inhibitory stabilized network (ISN) with a similar plasticity method. The columns follow a
sigmoid activation function and the plasticity kernel is similar to that of Spike-Timing Dependent Plasticity (STDP). The
models were subjected to unidirectional, bidirectional, and randomized training representing realistic biological training.
Both models developed DS and demonstrated experience, however only the ISN can achieve input suppression
suggesting that though inhibition is suppressed in the null direction, it still may play a pivotal role in DS. Further
biological studies, such as electrophysiology in V1 and conductance analysis, will be able to validate or amend our
model.
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Measuring Chemical Interactions using the Belousov-Zhabotinsky Reaction
Jodecy Colon, Camille Girabawe and Seth Fraden
The Belousov-Zhabotinsky(BZ) Reaction is a metal-ion catalyzed reaction in which an organic acid is oxidized. This
reaction is a non-linear chemical oscillator, a reaction which periodically changes due to concentration changes of it’s
chemical components. This reaction serves as a chemical model for Turing’s theory of morphogenesis, which theorizes
that cell differentiation results from the chemical diffusion and interactions between cells.Similarly, the BZ reaction
experiences oscillations due to the diffusive excitatory and inhibitory chemicals in solution. We began our experiment
with creating liquid BZ droplets that range from 50-150 µm in diameter and inserting these droplets into small circular
channels in silicon chips. These channels hold two droplets with diameters of 150µm and separation varying from 80
-200µm so that we can observe how droplet size and separation affects chemical diffusion from one droplet to the other,
along with the oscillations in the reaction. By successfully isolating BZ droplets and analyzing their oscillations as a
function of time, we were able to establish the phase differences between two drops to calculate the coupling strength
between BZ droplets. The coupling strength is a measure of chemical interaction between droplets as a function of time
and will help us verify our hypothesis that coupling strength between BZ droplets increase as the droplets increase in
size and as the distance between two droplets decreases. We hope that these experiments will enhance our
understanding on how the diffusion of chemicals in chemical models can be regulated and these models may have
implications for further understanding biological systems that function in an oscillating manner, including:nervous
responses, the cardiac system and cell differentiation.
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Natural Product Extraction of Man9(GlcNAc)2 From the Lectin Soybean Agglutinin
Found in Soybean Flour
Ashley Klein, J. Sebastian Temme, Isaac Krauss
The HIV envelope spike glycoprotein gp120 contains the CD4 recognition site which is essential for viral entry into
human immune cells.  gp120 is densely populated by oligomannans, forming the “carbohydrate shield”.  The shield is
recognized by the immune system as human and, therefore, only rarely elicits a carbohydrate-specific antibody
response.  Broadly neutralizing antibodies have been found that protect against HIV infection by recognizing the gp120
surface glycans.  The ability of these broadly neutralizing antibodies to recognize the gp120 carbohydrates has led us to
pursue gp120 mimics as potential vaccine candidates.  PGT122 and PGT128 are broadly neutralizing antibodies of
interest due to their high potency and affinity for gp120.  We are using PGT122 and PGT128 as a template to develop
glycoclusters that are “gp120-like.”  The antibodies raised against these glycoclusters should be “PGT-like,” which will
bind to the glycocluster on gp120 and neutralize the virus.   We are currently extracting oligomannan Man9(GlcNAc)2

from the lectin soybean agglutinin that is found in soybean flour.  Man9(GlcNAc)2 will be used in SELMA (Selection with
Modified Aptamers) to discover glycosylated DNA aptamers that mimic the PGT epitope on gp120.
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The role of the GTPase Rem2 in Activity Dependent Neuroplasticity in Mouse Visual
Cortex
Kelly Flavahan, Sarah Richards, Anna Moore, Suzanne Paradis, Stephen Van Hooser
The proper development of visual circuits within the cortex depends on neural activity that occurs during visual
experience. The GTPase, Rem2, may be involved in linking sensory experience with synaptic plasticity, specifically in
the development of dendritic spines, the primary site of excitation in pyramidal neurons. I am investigating the effects of
knocking down Rem2 in mammalian cortex on the plasticity of ocular dominance. Rem2 is knocked down genetically via
selective breeding of mice or conditionally via a virus injected into a population of visual cortical cells. The animals are
then deprived of visual experience in one eye during the critical period for cortical development. The visual cortex in
each hemisphere of the mouse brain receives the majority of its inputs from the contralateral eye; by depriving the
contralateral eye of visual experience in normally developing mice, the visual circuit changes and cortex begins to
receive more inputs from the ipsilateral eye. Using two photon imaging, the activity of the cortical cells is measured as a
function of calcium fluorescence. I expect to find that cells lacking Rem2 will not display a shift in ocular dominance from
the deprived contralateral eye to the undeprived ipsilateral eye. If Rem2 prevents a shift in ocular dominance it may
indicate a necessary role of the protein in activity dependent neuroplasticity in excitatory neurons. Further studies could
be done to assess the role of Rem2 in inhibitory neuron development.
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Theta oscillations drive multisensory divided attention
Arielle S. Keller, Lisa Payne & Robert Sekuler
Attention plays a crucial role in multisensory integration. The mechanisms by which attention influences processing of
signals from multiple senses are not yet fully understood. We investigated the effects of divided attention on the
processing of auditory and visual temporal sequences. Subjects performed an oddball task with auditory, visual, or
simultaneous audiovisual sequences in separate blocks, while the electroencephalogram was recorded from the scalp,
using a high-density electrode system. During a divided-task audiovisual condition, an oddball (a rare and unusual
stimulus) could occur in either the auditory or the visual domain, requiring the use of divided attention. Theta band (4-7
Hz) activity in the anterior cingulate appeared strongest in the audiovisual condition. That activity appears to be a
marker of either divided attention or multisensory processing. Additionally, posterior alpha activity, which has been
shown to be a marker of selective ignoring of visual stimuli, shows greater power during the auditory condition than the
visual condition, suggesting that subjects suppressed visual processing in order to attend to the auditory stimuli. These
findings show that neural processes marked by oscillations in alpha and theta frequency bands (or associated with
those bands) are crucial in attending to and processing temporal sequences in the visual and auditory domains. Further
studies will examine the role of theta activity during multisensory divided attention.
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Design and Synthesis of NapFF Derivative for Urokinase Inhibition and Hydrogel
Formation
Shawn Carriker, Ye Zhang, Ning Zhou, Dongdong Wu, Bing Xu
uPAInhib1 was designed and synthesized to assess its activity as a hydrogelator and as an inhibitor of the human
urokinase (uPA) enzyme for targeted therapy.  uPA, found in the extra cellular matrix, promotes cell migration and
proliferation and has been shown to be overexpressed in some cancer patients.  Successful inhibition or nanoweb self-
assembly at a tumor site can kill specific cancerous cells.  uPAInhib1 was designed by considering the structures of
many other molecules which have previously been bound to urokinase and by choosing an inhibitory group to add to the
hydrogelation motif NapFF which has been shown to self-assemble in cell networks.  uPAInhib1 was synthesized in
three reaction steps: NapFF was first synthesized with solid phase synthesis, then NapFF was coupled with 4-
aminobenzylamine and that product was reacted with cyanamide to yield uPAInhib1.  Silica column chromatography
and extraction were used for purification while Liquid Chromatography Mass Spectroscopy and Nuclear Magnetic
Resonance spectroscopy were used for compound identification.  uPAInhibit1 will be tested with HeLa cells to show cell
viability.  Transmission Electron Microscope images will be taken to check nanofiber formation and if nanofibers are
present, a rheometer will be used to fluidic properties.  An Isothermal Titration Calorimeter will be used to test enthalpy
effects and binding affinity with the enzyme.  Research on uPAInhib1 offers new insight for designing successful uPA
inhibitory drug; possible future work includes modification of the uPAInhib1 structure to better facilitate design goals.
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Particle detection and analysis and colocalization detection with Array Tomography
Aishwarya Bhonsle, Stephen Van Hooser
Array Tomography (AT) is a technique that utilizes fluorescence tagging and imaging of ultra-thin sections (50-200nm)
for imaging molecular structures of neural circuits. Because the sections are thinner than the diffraction limit, very small
proteins, such as synaptic proteins at individual synapses, can be resolved. One can examine synaptic contacts by
quantifying spatial correlations between different fluorescent channels, also known as colocalization detection. A
software package was developed in MATLAB in order to perform this analysis. The software performs colocalization
analysis based on image intensity: a threshold intensity has to be specified to identify regions of interest. Then the
software calculates various parameters related to the detected particles, following which each particle is analyzed to
compute whether it overlaps with other particles over a specified region, and these overlaps are then used to detect
colocalization.
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Investigating Cross-Talk Between the Signaling and Cytoskeletal Activities of Glia
Maturation Factor
Anindita Chanda, Meredith O. Sweeney, Bruce L. Goode
Glia Maturation Factor (GMF) was originally identified as a nerve growth factor, a protein that is important for growth
maintenance and survival of neurons. GMF has two mammalian homologs GMFβ and GMFγ, which share structural
similarity and 82% of amino acid identity. GMFβ and GMFγ play crucial roles in cytoskeletal activities. Both proteins
inhibit actin filament branch nucleation by the Arp2/3 complex and stimulate de-branching of actin filaments. GMFβ is
also known to enhance the p38 branch of mitogen-activated protein kinase signal transduction pathway. Various
phosphorylation sites have been proposed for GMFβ, and many of them are conserved in both GMFβ and GMFγ
isoforms. Specifically, there is evidence that protein kinase A (PKA) phosphorylates GMFβ at the Ser83 site. In order to
understand how the cytoskeletal and signaling activities are coordinated, we asked whether GMF phosphorylated at
Ser83 could partake in de-branching and Arp2/3 inhibition. First we mutated both GMFβ and GMFγ by site directed
mutagenesis to mimic GMF phosphorylated at this site. Then we sequenced the plasmids in order to check whether the
mutation was incorporated or not. Sequencing the plasmids showed that a serine to glutamic acid mutation was
incorporated at Ser83 in GMFβ. Our next steps will be to express and purify the mutant GMF proteins from E. coli.
Then, we will compare abilities of wild type and mutant GMF de-branching of actin filaments and its inhibition of Arp2/3
complex.
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Inhibitor mediated Bcr-Abl degradation: A novel, therapeutic approach for Chronic
Myeloid Leukemia
Arifa Sayyidah Ahsan, Marcus J. C. Long and Lizbeth Hedstrom
Chronic myeloid leukemia (CML), which accounts for 20% of all leukemias affecting adults, arises from an aberrant
chromosomal rearrangement. This genetic abnormality leads to the expression of a 210 kDa fusion oncogenic protein
with deregulated tyrosine kinase activity called Bcr-Abl.  CML is currently treated with tyrosine kinase inhibitor drugs
such as Imatinib (Gleevec, Novartis). However, treatment with Imatinib is ineffective during the advanced stages due to
the emergence of resistance mutations in the BCR-ABL gene and kinase-independent nature of many of the
downstream signaling pathways of Bcr-Abl. These issues could be resolved if elimination, instead of simple inhibition, of
Bcr-Abl can be achieved. The Hedstrom Lab recently discovered that inhibitors linked to tert-butyl carbamate-protected
arginine (Boc3Arg) induce degradation of their target proteins via the proteasome. In order to evaluate the efficacy of
Boc3Arg tag as a degron of Bcr-Abl, we designed a novel inhibitor, AS-22, by linking Boc3Arg to GNF-2, which belongs
to a new class of allosteric inhibitors of Bcr-Abl. A protein degradation assay was performed with the lysate of BaF3.
p210 cells that express Bcr-Abl.  Western blot analysis showed that a 60 min incubation of BaF3.p210 lysate with GNF
-2 brought about a 25±13 % (N=2) reduction in the amount of Bcr-Abl present whereas the percentage of reduction
shown by AS-22 was a striking 73±11% (N=5). The results look promising and this project may not only contribute
towards finding a better drug for CML, but also serve as an alternate model for cancer therapy.
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Understanding absent HPA axis responses in post-menopausal women
Dena Goldblatt, Christine McInnis, Myriam V. Thoma, Danielle Gianferante, Luke Hanlin, Xuejie Chen and Nicolas
Rohleder
The allostatic load theory postulates that the cumulative toll of stressors over a lifetime can produce maladaptive stress
response patterns, dysregulation of systems such as the hypothalamic-pituitary-adrenal (HPA) axis, and negative health
effects. Previous research in our laboratory has revealed a relationship between age and sex on HPA-axis responsivity,
with post-menopausal women exhibiting decreased or absent cortisol responses to psychosocial stress. Similarly,
evidence from animal work has shown that estrogen modulates cortisol output by supporting function of the adrenal
cortex, the origin of stress-induced cortisol release. Here, we investigated whether absent cortisol responses resulted
from reduced perception of stress or failure at some level of the HPA axis to respond to stress. Forty participants were
subjected to the Trier Social Stress Test (TSST). Plasma adrenocorticotropic hormone (ACTH) was measured as an
intermediate step in the cortical response axis at 1, 30, 60, and 120 minutes post-TSST using an Enzyme-Linked
Immune Assay (ELISA). Cortisol was measured in saliva samples collected at 1, 30, 40, 60, and 120 minutes post-
TSST, and plasma Estradiol levels were also measured at baseline. There was no significant difference in self-reported
distress between groups (t’s<1.5, p’s>.17). Older women did not display an increase in ACTH or cortisol. Plasma ACTH
response (beta=0.60, p<.001, R2=0.36) was predictive of cortisol response across the whole group. There was no
significant relationship between Estradiol levels and ACTH (r=0.26, p=ns) or cortisol (r=0.19, p=ns) responses. Our
findings suggest that absent cortisol responses in post-menopausal women represent a failure of the HPA-axis to
respond to stress upstream of ACTH secretion, rather than a lack of perceived stress.
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Coupled Chemical Oscillators with No-Flux Boundaries
Matt Cambria, Nate Tompkins, Seth Fraden
When emulsified in oil, droplets of the oscillating Belousov-Zhabotinsky reaction will self-organize their oscillations by
diffusion.  In order to study the way in which the arrangement of the droplets affects this self-organization, silicon
microfluidics were developed to contain the arrangements with no-flux boundaries.  Early results of experiments with
silicon microfluidics are presented.
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Characterizing the Microbiome of the Rhizosphere: An Investigation of Soil Bacteria
Kate Arriola, Deani Cooper, Susan T. Lovett
The microscopic realm of gut bacteria has been shown to have great influence on human hosts, and recent research
points to a similar significance between plants and their associated microbiota. This research aims to analyze the
phylogeny of bacteria residing within the rhizosphere: the soil immediately surrounding plant roots. Bacterial-plant
interactions that occur in the rhizosphere heavily influence the growth and activity of both bacteria and plant.
Understanding the role of this soil microbiota has obvious agricultural implications, with potential for improved
agricultural practices. Furthermore, the rhizosphere microbiome is relatively understudied and therefore may contain
undiscovered bacteria with useful properties. Research indicates that microbes within medicinal plant rhizospheres may
be responsible for some of the plants’ pharmaceutic abilities, including bacterial antibiotic production. In this experiment,
Gram stain, antibiotic resistance, and antibiotic production ability were used to characterize bacterial strains isolated
from eastern Massachusetts garden soil. Strains were then identified through the standard bacterial identification
procedure involving amplification and subsequent sequencing of a portion of the 16S rRNA gene. Preliminary results
indicate that Actinobacteria was the most represented, culturable phyla within the garden soil. Approximately 5.7% of
culturable soil isolates produced antibiotics killing Gram-negative bacteria. Further investigation of the rhizosphere
should characterize antibiotic producers and examine their effects on specific plant growth.
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Effect of DNMT1 on gene expression of inhibitory cortical neurons
Liliya Leybova, Alexander Cristofaro, Sacha Nelson
DNA methyltransferases (DNMTs) play an important role in setting methylation patterns in early development, but
recently it has been shown that they continue to play a role in late development and even adulthood in neuronal activity
dependent plasticity. In our lab, we have found DNMT1 knockouts (KO) have reduced excitatory synaptic drive in their
parvalbumin (PV) inhibitory cells while their inhibitory synaptic drive remains unchanged. RNA sequencing results show
that there are differentially expressed genes when DNMT1 KO are compared with controls and we are using real-time
PCR (qPCR) to validate these results. One particular gene, secretogranin V (scg5), is highly expressed and strongly up-
regulated in the DNMT1 KO animals (fold change = 2.65 ± 0.414). Scg5 is a secretory protein that regulates
nociceptin/orphanin FQ (N/OFQ), a neurotransmitter in the pain pathway, and could also be involved in the DNMT
regulation pathway to produce the physiological changes observed. Further research is focused on
immunohistochemistry experiments to investigate the potential role of scg5 and N/OFQ in the DNMT1 pathway by
comparing the protein expression and localization patterns between DNMT1 KO and control animals.
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Studies of Mer1, A Critical Splicing Regulator of Meiosis
J. Lee, Z. Yang, M. Trieu, C. van der Feltz, D. Pomeranz Krummel
In human cells, most protein coding genes contain protein coding exons separated by non-coding introns. Splicing is the
process by which the gene's nascent pre-mRNA is converted into a mature mRNA by removal of introns and joining
together of exons. Splicing is catalyzed by a mega-dalton assembly called the spliceosome. Despite the vital role that
splicing and the spliceosome have in the development of a human cell, little is known about how either are regulated. To
study the regulation of splicing, we are pursuing structure-function studies of a protein called Mer1, which has a critical
role in regulating splicing of pre-mRNA transcripts in budding yeast during meiosis. We have created genetic fusions of
the gene coding for the protein GST and each of the two functional domains of Mer1: the N-terminal or ‘activation’
domain, which functions to nucleate formation of the spliceosome; and the C-terminal (KH) domain, which functions to
recruit Mer1 and the nucleated spliceosome to a specific site on a pre-mRNA. We have expressed various Mer1
constructs as GST fusions and are working on their purification for structure-function studies, including crystallization.
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Post-translational Regulation of the Mammalian Formin Daam1
Jessie Kirshner, Aneliya Rankova, Bruce L. Goode
Formins are highly conserved proteins that catalyze the nucleation and polymerization of linear actin filaments and have
important roles in regulating cell shape and motility. A characteristic feature of the formin protein family is the presence
of a formin-homology-2 (FH2) domain which dimerizes to form a ring-shaped structure that binds actin and directs the
assembly of linear actin filaments. Daam1 (disheveled-associated activator of morphogenesis) is a ubiquitously
expressed formin with particular importance in heart morphogenesis, gastrulation, neuron development, and filopodia
formation. Like other formins, Daam1 has a catalytic FH2 domain, however, the linker region of this formin differs from
others in that it contains a small additional antiparallel beta sheet structure that partially occludes the two actin binding
sites of the FH2 domain. This feature makes unmodified Daam1 a poor actin nucleator in vitro, as compared to most
other formins. An earlier study from our lab showed that disrupting the β-strands in the linker region of Daam1 increases
its actin nucleation activity by 10-fold, making it comparable to other formins. This suggests that the β-strand mediates a
novel form of autoinhibition, specific to the FH2 domain of Daam1. The presence of an exposed tyrosine residue in the β
-strand structure, as well as evidence of physical and functional interactions between Daam1 and Src kinase have led
us to hypothesize that Src phosphorylates Daam1, releasing it from its autoinhibited state. To test this model, we
introduced a phosphomimetic mutation, Y652E, into the β -structure of the FH2 domain then used in vitro bulk
fluorescence assays and Total Internal Reflection Fluorescence (TIRF) microscopy to define the actin assembly
activities of this variant. Our data show that Daam1 Y652E has a much higher actin assembly activity compared to WT
Daam1 and that this is due to an increased filament nucleation efficiency, rather than an increased actin filament
elongation rate. Future studies will test the ability of Src to phosphorylate Daam1, as well as isolation of affinity-tagged
Daam1 from mammalian cells and mass spectrometry to identify Daam1 regulatory binding proteins.
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2D Self Assembly of Colloidal Membranes using Three Component Virus and
Polymer Mixtures.
Paige Greenwood., Prerna Sharma, Joia Miller, Zvonimir Dogic
The self assembly of colloidal membranes is a result of attractive depletion forces between rod-like viruses in the
presence of depletant polymers. The larger the molecular weight of a polymer the greater the attraction between rods in
a sample. We explored these interactions first by mixing polymers of different sizes, then viruses that have different
lengths. Samples made with a polydisperse polymer did not form membranes. We mixed the polydisperse polymer with
monodisperse polymers at higher and lower molecular weights to see if molecular weight or monodispersity matters
more in membrane formation. We conclude that membrane formation does depend more on the molecular weight
distribution because increasing the monodispersity in either direction made membranes. We also mixed rods at different
lengths to see phase separation in the membranes. With fluorescently dyed virus, we were able to see regions of long
and short rods in the membranes. This research opens up a door for further exploration of phase separation in virus
mixes of different lengths.
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Coordination chemistry of a tridentate pincer ligand containing a central  N-
heterocyclic phosphenium cation
Yue Yu, Deirdra A. Evers-McGregor, Gregory S. Day, Christine M. Thomas
N-heterocyclic carbenes (NHCs) have been intensively studied in many areas of coordination and catalysis chemistry,
but their analogues, N-heterocyclic phosphenium cations (NHP+s), are drawing more and more interests. In this project,
I have investigated the coordination chemistry of Rhodium using [Rh(COD)Cl]2 and different NHP ligands. Rhodium is
successfully coordinated to NHP-Cl and NHP+BArF24, while abstracting halides before and after Rhodium-coordination
give the same result. The synthesis of N-heterocyclic stibeniums (NHSb+s) was also explored. Further research will
focus on the coordination using halide-free Rhodium precursors and the coordination chemistry of NHSb+s.
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Tpm2 plays distinct roles from Tpm1 in negatively regulating actin filament assembly
Danielle Bellavance, Salvatore Alioto, Bruce Goode
Tropomyosins are ubiquitously expressed actin binding proteins that bind along the length of actin filaments, stabilizing
their dynamics and governing myosin motor activity. In humans, there are at least 40 different isoforms of Tropomyosin.
This has long suggested that they may have a high degree of functional heterogeneity, yet there is almost nothing
known about the differences in Tropomyosin cellular and biochemical activities. To address this, we are using the model
organism Saccharomyces cerevisiae, where there are only two isoforms, Tpm1 and Tpm2, and where we can take a
powerful combined genetic and biochemical approach. In yeast, Tpm1 and Tpm2 decorate structures called ‘actin
cables’, which are polymerized by formin proteins. Tpm1 and Tpm2 were originally presumed to perform redundant
roles in stabilizing actin cables; however, our lab recently discovered that instead they have opposite genetic
interactions with components of the actin disassembly machinery, including Coronin, Twinfilin, and Aip1. This led us to
develop a working model, which postulates that Tpm2 (unlike Tpm1) plays a role in inhibiting rather than promoting the
growth of actin cables. To test this model, we purified Tpm2 and measured its effects on formin-mediated actin filament
assembly using bulk fluorescence and TIRF microscopy assays. This revealed that Tpm2 strongly inhibits the ability of
both yeast formins to nucleate actin filament assembly while Tpm1 showed opposite effects. Consistent with these
biochemical results, tpm2! cells exhibited cable overgrowth, unlike tpm1! cells. Tpm2 also did not further destabilize
filaments in the presence of disassembly factors, and if anything, provided a modest protective activity. Putting these
observations together, we have arrived at a revised model for Tpm2 function. The broad implication of our results is that
they demonstrate that different Tropomyosin isoforms can indeed have distinct activities and functional roles in cells.

Poster # 2014.335

Danielle Bellavance (Brandeis / BIology)

Support: Cell and Molecular Visualization REU

HNS and its Role in DNA Damage Repair in Escherichia coli
Charlotte Franco, Cara Pina, Susan Lovett
HNS is a nucleoid associated protein in E. coli that is known to oligomerize and bind to DNA. It plays a role in DNA
organization, behaves as a repressor, and responds to a variety of stressors. We have investigated the hypothesis that
HNS is involved in repairing DNA damage caused by stress. In order to test this, site directed mutagenesis was used to
construct three independent mutations. To observe the effects on nucleoid condensation, we overexpressed the
mutants and visualized the nucleoid using fluorescence microscopy. The mutant in the oligomerizing domain (L33E)
was unable to condense the nucleoid and resulted in filamentous cells. R114E, a charge changing mutant in the DNA
pocket, condensed the nucleoid, but not as tightly or toroid-shaped as the A117W mutant that is shape altering to the
DNA pocket. Pilot experiments were also conducted comparing the ability of hns null and wild-type strains to survive
different types of DNA damage. Cells were exposed to UV, phleomycin, and azidothymidine (AZT) in varying
concentrations. Preliminary results indicate that hns null is able to survive better at high concentrations of phleomycin,
which causes double-strand breaks of the DNA, while there is an indeterminate difference using UV or AZT. More
experiments will be done to further describe the phenotypes of the mutants including evaluating their response to the
DNA damaging.
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Synthesis of Functionalized Metal-Organic Frameworks for Metal Capture and
Catalysis
S. Olivia Gunther, Casey R. Wade
Metal-organic frameworks (MOFs) are a relatively new class of highly tunable materials with potential to act as supports
for new hybrid catalysts that integrate the stability and recyclability of heterogeneous catalysis with the activity and
selectivity of more standard homogeneous catalysts. While many carboxylate-based MOFs exhibit poor chemical and
thermal stability or collapse upon removal of guest molecules, pyrazolate-based MOFs have been shown to exhibit high
degrees of chemical, thermal, and structural stability. We have recently developed methods to selectively synthesize
two different MOFs containing an extended biphenyl dipyrazolate linker, (Me2pyz)2biPh. Our current efforts are focused
on the synthesis of a dipyrazolate linker, (Me2pyz)2biPh-NH2, containing an amine functional group on the biphenyl
core. Synthesis of new MOFs with this linker will allow us to use postsynthetic modification as a means of incorporating
catalytically active secondary metal sites in MOF matrices.
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Determining the Role of Ionic Strength on the Affinity of a Fluoride Channel—
Monobody Inhibitor Interaction using Fluorescence Anisotropy.
Jacob Nathanson, Daniel Turman, Randy Stockbridge, Christopher Miller
A recently discovered family of F- channels (Fluc) selectively conduct F- and are inhibited by a series of synthetically
derived human fibronectin type III domain monobodies.  The fluoride ion channels allow toxic amounts of F- to be
conducted across the cell membrane of microorganisms in acidic conditions, which would be impossible without help
from a protein. This study employs fluorescence anisotropy, which measures the ratio of vertical and polarized light in a
given sample.  Fluorescence anisotropy reports on the quicker tumbling, 9 kDa, monobody and the slower tumbling, 40
kDa, bound monobody-Fluc complex to determine the amount of bound protein in a solution.  The goal of this study was
to determine the effect of ionic strength on the binding affinity of the monobody-Fluc complex.  While the overall change
in anisotropy differed in higher ionic strength, there was a negligible change in the Kd of the binding curves.  Therefore,
electrostatic interactions play a small role in the binding affinity of these two proteins.  Other forces, such as van Der
Waals and hydrophobic effects may contribute to the binding affinity of these proteins.  In future studies, we will
engineer Fluc mutants that decrease or abolish monobody-Fluc binding in an effort to map the binding epitope.
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Synthesis of phosphine-doped MOFs for heterogeneous catalysis
Rebecca E. Sternberg, Casey R. Wade
Metal-organic frameworks, or MOFs, are coordination networks consisting of organic ligands and metal nodes with the
potential to act as supports for heterogeneous catalysis. IMP-9 {Cu2[Si(PhCOOH)4]} is a MOF based on a tetrahedral
silicon tetrabenzoate and Cu2+ ions. We are attempting to “dope” this MOF with secondary ligands that have trigonal
pyramidal geometry in order to create “defect sites” for the subsequent capture of active metal ions. A trigonal pyramidal
phosphine ligand was added in varying amounts to the reaction conditions used to synthesize IMP-9. Digestion of the
crystalline products obtained from these reactions show the phosphine oxide, O=P(PhCOOH)3, to be either
incorporated into the framework or residing as guest molecules within the framework pores.
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Probing the relationship between the N and C terminal domains of recoverin
Allen Ganjei, Matthew Ranaghan, Prem Ramasamy, and Daniel Oprian
Recoverin is a calcium-binding protein in retinal rod photoreceptor cells that regulates the function of rhodopsin kinase.
Recoverin is comprised of an N and C terminal domain, each with a functional and nonfunctional EF hand that bind Ca2
+. We have crystallized the C-terminal domain as an independent protein, which looks identical to the C-terminal
domain of the full length protein.  We propose a scheme to prepare the N and C terminal domains of recoverin which will
be used for biochemical assays and crystal trials.  Specifically, we will examine how each domain binds Ca2+ and
rhodopsin kinase as compared to full-length recoverin, and how these independent domains influence each others
function. We have designed a recoverin mutant which takes advantage of the TEV protease to isolate the N and C
terminal domains. Several rhodopsin kinase and Ca2+ binding assays have been conducted with full length mutant. We
are now working to titrate full length mutant with Ca2+ and purify independent domains.

Poster # 2014.340

Allen Ganjei (Brandeis / Biochemistry)

Support: Adar Fellowship

SAP97: A Transcription-Dependent Factor of Synaptic Scaling Up
Alina W. Cheema, Celine C. Steinmetz, Anne Joseph and Gina G. Turrigiano
When facing a disturbance in neuronal activity, a neuron has the ability to adjust to those disturbances and maintain
homeostasis; this is called homeostatic plasticity, and one form of homeostatic plasticity is called synaptic scaling. The
purpose of synaptic scaling is to adjust the strength of all the synapses onto a neuron in the right direction, to
compensate for changes in firing rates. Scaling up is shown to be transcription dependent. During scaling up, a drop in
firing rates will lead to a change in transcription of “scaling factors” which will induce an increase in synaptic AMPAR
accumulation at synaptic sites. In order to determine the genes for which transcription is either up-regulated or down-
regulated during synaptic scaling up, an unbiased transcriptional screen was performed (Steinmetz et al., in revision).
Among the different hits that came out the screen is SAP97, a synapse associated protein implicated in receptor
trafficking, and specifically, is shown to have a role in trafficking AMPAR at the synapse. This protein is the only MAGUK
member that binds to the GluR1 subunit of AMPAR, and traffics it from the Golgi body to the plasma membrane (Zheng
et al., 2011). To confirm the finding of the screen, we tested whether SAP97 is up-regulated during synaptic scaling in
vitro. We found that SAP97 expression is indeed up-regulated during synaptic scaling and that this process is also
transcription dependent. This additionally strongly suggests that SAP97 may have an important role in synaptic scaling
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Enhancing Novel Carbonate Inhibition of Deubiquitinating Enzymes by a C-Terminal
Ubiquitin Analog
Lior Rozhansky, Marcus Long, Ann Lawson, and Lizbeth Hedstrom
Ubiquitin is a small, 76 amino acid protein that covalently attaches to proteins to signal for their degradation via the
proteasome pathway. Deubiquitinating enzymes, or DUBs, are cysteine proteases that cleave ubiquitin chains from
target proteins, saving them from degradation. The Hedstrom laboratory has developed carbonate inhibitors of DUBs.
These compounds react with DUBs to form stable carbonylated enzyme that resembles the acylenzyme formed during
substrate hydrolysis.  We proposed that a modified ubiquitin containing a nucleophile at the C-terminus might trap the
carbonylated complex, enhancing inhibition.  Two nucleophillic ubiquitin derivatives were created by chemically
modifying the C-terminus with hydrazine or with hydroxylamine. Preliminary assays suggest that the hydroxylamine
analog forms a complex with the carbonate inhibitor and the DUB USP9X. Future plans for this project include further
characterization of the complex formation as well as the purification of the analogs.
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The rapid emergence of direction selectivity: dependence on speed of stimulation
Nora M. Anderson, Neil J. Ritter, Arani Roy, & Stephen D. Van Hooser
The development of direction selectivity in primary visual cortex (V1) requires visual experience. In ferrets, it has been
shown that visual training with drifting gratings moving at a speed of 50 degrees/second results in the development of
direction selectivity for visual stimuli moving at 50 degrees/second. Here we ask if experience with motion at a single
speed results in the development of direction selectivity at that speed, or rather, a range of speeds. To test this, a linear
electrode array is inserted into V1 of anesthetized ferrets (p30 - p35) and initial orientation and direction tuning is
assessed with drifting gratings. A dominant orientation is selected, after which responses across a range of speeds are
tested. The ferret is then trained for a few hours with either a 12.5 or 50 degree/sec bidirectional drifting gratings at the
dominant orientation, and responses are re-assessed to test for direction selectivity development. Preliminary evidence
suggests that motion training at either 12.5 or 50 degrees/sec results in a similar increase in direction selectivity over a
range of speeds between 12.5 and 100 degrees/sec.
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Implementing Efficient Hybrid Imaging in CASA
Rachel Harrison, David Roberts
The production of images of astronomical objects with data from modern radio interferometers requires a series of
complex and inter-related steps. I developed a Python wrapper for the Common Astronomy Software Applications
(CASA) that simplifies and streamlines the hybrid imaging process. The script was used to produce images of the
microquasar SS 433 from data obtained by the Jansky Very Large Array during six different time epochs in the summer
of 2011.
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MicroRNA-190 regulation of cholinergic neurons and its affect on sleep in
Drosophila
Siddartha M. Tamang, Patricia R. Goodwin, and Leslie C. Griffith
Sleep is an important aspect of life for every species. If deprived of sleep, the body tries to make up for the loss amount.
This homeostatic regulation of sleep underscores its importance. The productivity of daily activity heavily relies on how
much sleep one gets a day. Sleep deprivation leads to decreased alertness and poor memory performance. Previous
studies showed that many changes in gene expression occur during sleep and that these changes can be regulated by
microRNAs. MicroRNAs are small, non-coding RNAs that are 21-25 nucleotide long, which bind to mRNAs and prevent
their translation. Previous studies in the Griffith lab have identified mircoRNA-190 as a regulator of sleep. Our research
seeks to determine whether miR190 affects sleep homeostasis by regulating cholinergic neurons. We inhibited miR190
function using Gal4/UAS system that can be used for cell-type specific expression to control the expression of the miR
inhibitor called a “miR sponge.” MicroRNA sponge soaks up the microRNA and prevents it from binding to their mRNA
targets.  We initially expressed miR sponge in the neurons using neurons specific Gal4 driver called, NsybGal4 and
cholinergic neuron specific driver called, ChaGal4 and observed the changes in baseline sleep and sleep homeostasis
of these flies. Sleep homeostasis is the ability to detect low levels of sleep and subsequently produce a compensatory
increase in sleep (called “rebound sleep”). We found that flies with inhibited miR190 function in neurons or specifically in
cholinergic neurons had less nighttime sleep and increased rebound sleep. Flies recovered most of their sleep during
nighttime. We tested the survivability of flies that had miR190 inhibition. We crossed TubGal4 and NsybGal4
heterozygous flies with UAS-miR190 sponge flies. As a control, we crossed Gla4 heterozygotes to UAS-scramble flies.
We then measured the number of Gal4+ progeny relative to Gal4- progeny to see if miR190 sponge expression reduced
survival or development. We found that miR190 inhibition in neurons or in all cell affects survival. If miR190 sponge
expressing flies had normal viability, we would get equal number of Gal4+ and Gal4- flies. We further tested the effect of
miR190 on sleep on glial cells using GliotactinGal4. The analysis of the sleep data showed no effect in sleep on glial
cells by miR190, so the possibility of miR190 function on glial cells was ruled out. Future experiments will test to see if
only night time sleep is plastic after inhibition of miR190 in neuronal cells. For this, we will turn on the mechanical shaker
during the day instead. We will further test to see if miR190 is required during development in neuronal cells.
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The effect of twisted DNA on transcription initiation at the glnAp2 promoter in vitro
Abby Knecht, Larry Friedman, Jeff Gelles
A quantitative model for transcription initiation using relaxed DNA at the bacterial promoter glnAp2 has previously been
determined using total internal reflection fluorescence (TIRF) microscopy, but DNA in cells is rarely relaxed.  Both
bacterial plasmids and eukaryotic DNA wrapped around histones are negatively supercoiled in their respective cells.
Bulk experiments in the literature describe a 10 to 60 times increase in the overall rate of transcription initiation at the
glnAp2 promoter with negatively supercoiled DNA compared to relaxed DNA.  To locate where in the mechanism this
increase in rate occurs using TIRF microscopy, we created a circular piece of DNA that contained the glnAp2 promoter,
biotin to be attached to the slide, and a dye to be seen by the microscope.  Initiation was then measured using both
nicked and negatively supercoiled forms of this plasmid. The negatively supercoiled DNA initiated eight times faster than
the nicked DNA, but the RNA polymerase only bound twice as fast to the supercoiled DNA.  Further studies will include
measuring the other rate constants in the mechanism of transcription initiation for both relaxed and supercoiled DNA to
determine where in the mechanism supercoiled DNA transcribes faster.
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Synthesis and influence of varying phosphino(amide) ligands on carbonyl stretches
of Zr-Mo bimetallics
 Dan Rozel, Mark  W. Bezpalko, Bruce M. Foxman and Christine M. Thomas
Research in the Thomas group focuses on the design of transition metal catalysts capable of facilitating multielectron
redox transformations and cleaving sigma bonds: both important for renewable, clean energy applications.  One design
principle that has been explored is the combination of two metals into a single heterobimetallic framework, combining
the advantages of metals with inherently different properties.  Three phosphino(amide) ligands have been used to link
two metals in a three-fold symmetric framework, and the resulting complexes have shown promise in a number of
interesting chemical transformations.  The substituents on phosphino(amide) ligands can be easily modified, and these
changes have been shown to affect the properties and reactivity of the resulting heterobimetallic complexes.  The
infrared stretching frequencies of carbonyl ligands attached to a transition metal, in this case molybdenum, provide a
useful spectroscopic probe of ligand electronic properties. This particular project focuses on the synthesis and
investigation of heterobimetallic complexes comprised of zirconium and molybdenum tricarbonyl fragments linked by
phosphinoamide ligands, in an effort to probe the electronic differences in a series ligands. (iPrNPiPr2)-, (MesNPiPr2)-,
(M-xylylNPiPr2)-, and (iPrNPPh2)- were the ligands examined in this study to varying degrees of success, including the
creation of a new bimetallic compound in the M-xylyl ligand variant.

Poster # 2014.347

Dan Rozel (Brandeis / Chemistry)

Support: Lerman-Neubauer Fellowship

Analysis of eµ Production in Simulated pp Collisions at sqrt(s) = 8 TeV at the LHC
Brendon Bullard, Craig Blocker
This poster presents the results of comparing lepton flavor violating dilepton production in simulated pp collisions at sqrt
(s) = 8 TeV at the LHC. Production of a supersymmetric tau neutrino via d-dbar, s-sbar, and d-sbar + s-dbar initial states
followed by its subsequent decay to the lepton flavor violating state e-mu are studied. Data is generated at sneutrino
mass ranging from 500 to 2000 GeV with 50,000 events at each mass and decay mode. The events are passed through
a simulated analysis with efficiency ranging from 0.789 +/- 0.00182 to 0.92 +/- 0.00121. Analysis on various kinematical
distributions shows no significant difference in e-mu production between the three decay modes.
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Evidence for increasing spontaneous and evoked activity in developing neural
circuits
Hirvelt J. Megie, Marjena Popovi!, Jared M. Clemens, József Fiser, Stephen D. Van Hooser
The development of neural circuits depends on both experience-independent and experience-dependent processes.
Some properties, such as orientation selectivity, are already present at the time of eye opening, but other properties,
such as direction selectivity, require visual experience. In this study, we sought to examine how these neural circuits
develop. To identify if developing neural circuits initially exhibit high levels of activity that subsequently become reduced,
or if they exhibit weak activity that strengthens with experience, we examined the rates of spontaneous neural activity
and visually-evoked activity in the cortex relative to natural eye opening. We found that both spontaneous activity and
visually-evoked activity were quite weak in animals that had just opened their eyes. This activity increased in the days
and weeks following eye opening. Future studies should explore what circuit mechanisms (intrinsic properties and
synaptic currents) underlie the increases in responsiveness in normal development.

Poster # 2014.349

Hirvelt Megie (Brandeis / Neuroscience)

Support: Provost's Undergraduate Research Fund



Different Topologies of Networks of Three BZ Oscillators with Static Coupling
Malia McAvoy, Viktor Horvath, Irving R. Epstein
The motivation for investigating pulse-coupled oscillators with activity-dependent coupling strength arises from a
theoretical study in which a set of activity dependent rules were added to a three cell model of the pyloric network of the
stomatogastric ganglion  which allowed for the development of the synaptic strengths, from random initial values, into a
set that produces the physiological triphasic rhythm. We have been motivated by this observation to test the robustness
of the ability of the network to regulate itself and produce the tri-phasic pattern in the right order. Here, we investigated
to what extent the topology of the network determines the behavior using tri-membered networks of inhibitory pulse-
coupled Belousov-Zhabotinsky (BZ) chemical oscillators with matching coupling strengths. We showed that there is no
preference for a particular behavior in the network where the connections are is all-to-all; the initial peak order is
retained. However, when the oscillators are connected as the pyloric network, a preference for a specific peak order
was observed in numerical simulations. In addition to this, we have observed another prevalent behavior in which two
oscillators peak in-phase and the third one is out of phase with them in experiments. The network possessing
connections pointing in one direction has a slight preference for the peaks in the triphasic pattern to follow that order.
The linear network with reciprocal coupling between the neighbors has a strong preference for behavior where two
oscillators peak in-phase and the third one is out of phase with them. Additional numerical simulations are underway to
explain some of the observed differences between experiments and our initial predictions.
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The Necessary Role of Shank3 in the Synaptic Scaling of Pyramidal Neurons
Genelle Rankin, Vedakumar Tatavarty, and Gina Turrigiano
The ability for a neuron to adapt to changes in activity levels and maintain a target firing rate is referred to as
homeostatic synaptic plasticity. One mechanism of homeostatic plasticity, known as synaptic scaling, adjusts levels of
receptors at the synapse and therefore the strength of the synapse to regulate around target levels of activity. The
complete mechanisms behind synaptic scaling remain unknown and recent research has shown some post-synaptic
density (PSD) proteins play a critical role. Shank3 is a scaffolding protein present in the PSD of excitatory neurons and
interacts with many proteins involved in maintenance of a functional synapse. Our research investigated the effects of
knocking down Shank3 on synaptic scaling in pyramidal neurons. Expression of short hairpin RNA (shRNA) in cultured
neurons from the rat visual cortex was used to reduce the levels of Shank3. Neurons were treated with TTX to block
activity (scaling up) or PTX for activity elevation (scaling down) and levels of Shank3 and GluA2 proteins at the synapse
measured. Our data suggest that reducing Shank3 levels at the synapse inhibits the ability of the cells to scale up or
down. Deletions and/or mutations in the Shank3 gene have been recorded in those suffering from disorders such as
Autism Spectrum Disorder and Schizophrenia, and this research suggests deficits in synaptic scaling could underlie the
pathogenesis of these disorders.
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Investigating a Short QT Syndrome associated mutation in IKs potassium channels
Juhee Park, Leigh Plant and Steve Goldstein
Short QT Syndrome (SQTS) is a potentially fatal genetic disease that can manifest in sudden cardiac arrest. While the
disease mechanism is unclear, a single point mutation V307L was recently observed in the voltage gated potassium
channel gene, KCNQ1, in a SQTS patient. In the heart, the alpha subunit KCNQ1 (Q1), assembles with accessory
subunit KCNE1 (E1) to produce IKs current, which contributes to the repolarization of the cardiac action potential. To
understand the possible disease mechanism, we investigated the V307L mutation’s effect on opening and closing
(gating) of the IKs channels as well as the expression level and subunit stoichiometry at the mammalian tissue culture
cell membrane. Using whole-cell patch-clamp recording, we observed a marked leftward shift of -40 mV in the half-
maximal activation voltage of IKs-V307L channels. In addition, bigger current density was observed. Both results are
consistent with the gain-of-function phenotype of SQTS. In order to assess if these results are due to altered number or
stoichiometry of IKs channels, total internal reflection fluorescence (TIRF) microscopy was used to visualize the
fluorescence protein (FP) tagged Q1 and E1 at the membrane. While preliminary findings point toward a possible
disease mechanism for this SQTS-associated V307L mutation by faster activation, further analysis like characterization
of time constants of channel opening and closing will be needed to illustrate how the mutation may be changing the
gating of the channel.
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Characterization of gene expression in single evening cells in Drosophila
Adam Jones, Katherine Abruzzi, Madelen Diaz, Fang Guo, Michael Rosbash
Animals use internal circadian “pacemakers” to control their physiology and behavior with roughly 24-hour periodicity.
The central clock of Drosophila consists of two major groups of neurons: PDF+ LNvs that control the morning peak
(morning cells; M-cells) and a group of evening cells (E-cells). Recently, E-cells have been refined to include 4 key LNds
and the 5th small PDF- LNv, which have a major impact on locomotor activity and rhythmicity.1 Previous research has
shown that evening cells are heterogeneous in their gene expression.2 With this in mind, our goal is to set up
techniques which would allow us to further characterize gene expression in each of the evening cells. These techniques
include: 1) the use of fluorescent in-situ hybridization (FISH) and 2) isolating single E-cells and examining their gene
expression using q-PCR or next generation sequencing. To date we have focused on getting FISH to work in Drosophila
whole mount brains and in isolated neurons.  We examined the expression of the neuropeptide pigment dispersing
factor (pdf) and the circadian gene timeless (tim). Preliminary results have shown that FISH works very well in whole
mount brains with mRNAs that are highly localized (PDF) and that it is possible to perform FISH on isolated neurons.
Our next steps will be to optimize FISH to work with more broadly expressed mRNAs and to begin to work on our
second aim: analyzing mRNAs from single isolated neurons using q-PCR.
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Completing a Very Large Array Survey of X-Shaped Radio Galaxies
Jake Cohen, David H. Roberts
X-Shaped Radio Galaxies are a subset of radio galaxies with an interesting but inexplicable morphology.  Last summer
we conducted a survey of high resolution images of these sources using archival data from the Very Large Array, but a
number of these sources lacked proper flux and polarization information because of insufficient observation data.  Since
last summer, we have developed effective methods for working around bad observation data in order to acquire the flux
and polarization information needed to complete the survey.  As a result, it can be more effectively used for analysis
towards the goal of better understanding X-Shaped Radio Galaxies and their formation.
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Synthesis of metal-organic frameworks containing imidazolium-based dipyrazolate
linkers
Margaret A. Basmajy, Casey R. Wade
Metal-organic frameworks (MOFs) are coordination polymers composed of metal nodes and organic linkers that are
potentially useful for many different applications due to their porosity and tunability. My project focused on the synthesis
of MOFs for heterogeneous catalysis. The organic linker we synthesized was 1,3-bis(3,5-dimethylpyrazolyl)imidazolium
chloride. Although difficulties were encountered during the synthesis, the ligand could be isolated cleanly. Treatment
with Zn(II) salts afforded a crystalline material which was analyzed by powder X-ray diffraction (PXRD).
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Developing RNA aptamers for inhibition of piRNA pathways in Xenopus
Ignatius Ang, Nicholas Clark, Thomas Rands, Yuliya Sytnikova, Nelson Lau
Piwi proteins are a subfamily of the Argonaute proteins (AGO) that interact with small RNAs to form an RNA induced
silencing complexes (RISC). AGO and Piwi protein have two major protein motifs- the PAZ and PIWI. The PAZ domain
binds to the 3! end of small RNAs and the PIWI domain has an RNase H fold that can cleave a target RNA that is
complimentary to their bound RNA. In Piwi proteins, the PAZ domain binds to piRNAs that aid in its function. This study
aims to develop an RNA inhibitor that binds to the Xiwi PAZ domain. Xiwi is a Piwi homolog found in Xenopus.
Candidate RNA aptamers were selected with a recombinant Xiwi PAZ domain using systematic evolution of ligands by
exponential enrichment (SELEX). A library of RNA containing 1015 random 50 nt RNA sequences were selected for
Xiwi PAZ domain binding. I selected 9 candidate RNA aptamers and generated RNAs by in vitro transcription. I
characterized RNA aptamer binding ability with an electrophoresis mobility shift essay (EMSA). EMSA showed that
aptamers 2, 5, 8 and 9 bound well to the Xiwi PAZ domain. Ongoing experiment includes testing the aptamers in vitro in
Xenopus tropicalis egg extract to check for piRNA degradation due to displacement. An RNA inhibitor of Xiwi serves as
an important molecular tool that can be used to further characterize the functions of Xiwi.
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Orientation indicators of Quasars
Amitabh Shrivastava, John FC Wardle
Quasars are some of the most energetic and distant objects in the observed universe. They are test-beds for highly
relativistic physics. The observed properties of quasars are highly dependent on their orientation with respect to the line
of sight but, few indicators of the orientation are available. Based on new radio observations and monte carlo
simulations , a novel formula for the angle of orientation is presented.
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Modeling the role of memory in naturalistic decision-making through taste
preferences in rats
Karishma Pradhan, Paul Miller
Research in decision-making has traditionally focused on understanding perceptual tasks, in which competing sets of
inputs are presented simultaneously. But few studies have explored more naturalistic decisions, such as those in taste
preference, where an animal samples one stimulus and has the choice to either stay or switch to another based on its
intrinsic value. Given that this choice occurs across time, we ask: how do previous experiences with stimuli affect future
experiences with the same or different stimuli? In order to test memory’s influence on decision-making, we used Matlab
to incorporate a short-term memory mechanism, synaptic depression, into a spiking network modeling taste preferences
in rats. We found that adding depression created interactions between stimuli and significantly changed the distribution
of time spent at stimuli compared to a non-memory model. These results indicate that taste preference models, and
likely other preference-related tasks, are highly susceptible to previous influences. In the future, we will incorporate
other types of short and long-term memory into our model and compare these results with experimental data to
determine if it is a better biological fit than our non-memory model.
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Membrane deformation by the combined activities of EHD and BAR proteins of D.
melanogaster
Isidoro Tavares, Charlotte Kelley, Avital Rodal
Endocytosis and intracellular membrane trafficking are critical events for synaptic function. Endocytic trafficking is tightly
regulated by an intricate web of membrane-binding proteins. The BAR domain proteins Syndapin, Amphiphysin, and the
EHD protein Past1 all bind to membranes and have been implicated in postsynaptic membrane remodeling at the
Drosophila neuromuscular junction (NMJ). Further, Past1 homologs interact directly with Syndapin and Amphiphysin.
Past-1, Amphiphysin, and Syndapin display interdependent localization at the elaborate postsynaptic membrane
reticulum surrounding the NMJ (Koles et al., unpublished data). However, the role of the physical and functional
interactions between these proteins in forming this system of postsynaptic tubules, canals, and vesicles is not fully
understood. We investigated how these endocytic proteins work together to remodel lipid membranes in vitro. We
generated plasmids with cDNAs encoding D. melanogaster membrane remodeling proteins Syndapin, Amphiphysin,
and Past-1, fused to a SNAP tag, which allows covalent modification with a fluorophore. Then, these constructs were
used to express, purify, and label these proteins with fluorophores in order to observe their combined membrane
remodeling activities. Purified proteins were incubated with Giant Unilamellar Vesicles (GUVs), and imaged by confocal
microscopy to visualize the interactions of these proteins with synthetic lipid membranes. Syndapin showed a limited
deforming activity on GUVs when incubated alone. This might be explained by intramolecular autoinhibition of Syndapin,
which we predict may be altered by interactions with Amphiphysin and Past-1. Past-1 localized strongly to GUVs and
caused drastic membrane remodeling in the presence of ATP and Mg2+. Syndapin and Past-1 colocalize on GUVs
when incubated together. Our findings and future experiments will better elucidate the interactions of these proteins in
remodeling lipid membranes.
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Directed Evolution of Man8/9 GlycoDNA Aptamers mimicking HIV env glycoprotein
gp120
Benjamin K. Wheat, J. Sebastian Temme, Isaac J. Krauss
In order to obtain macromolecules which accurately mimic the epitope of the broadly neutralizing antibody 2G12, a
library of partially glycosylated DNA aptamers was narrowed down using SELMA (SELection using modified aptamers).
A combination of octomannose and nonamannose glycans appear on the surface of the HIV envelope protein gp120;
these glycans are the natural epitope of 2G12, which binds exclusively sugars.  We hope to create DNA supports which
fold and present the glycans in the same manner as gp120, as to elicit 2G12-like antibodies in vivo.  These
glycoclusters ideally will bind tightly to 2G12 and will be obtained by selecting for such aptamers with the 2G12
antibody.
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Better Cognitive Abilities Predict Stronger Habituation of Cortisol Responses to
Repeated Stress
Jonah Price, Stefan Agrigoroaei, Michael Polito, Luke Hanlin, Danielle Gianferante, and Nicolas Rohleder
Objective: To examine whether higher cognitive abilities play a protective role for habituation of stress responses
Rationale: Non-habituation of hypothalamus-pituitary-adrenal (HPA) axis responses during repeated stress exposure is
viewed as a maladaptive stress response pattern, and thought to be associated with negative long-term health
outcomes. Knowledge of factors related with stronger habituation might open up avenues for prevention strategies, and
cognitive abilities have been found related with lower responses to daily stressors. We set out here to expand this line of
research, by examining the protective role of cognitive abilities for cortisol response and habituation to acute stress.
Methods: We used a sample of 46 adults (52.2% male; mean age=31.83 years, SD age = 16.52) , recruited from
Brandeis University and the local community (Waltham, MA). Participants were exposed to the Trier Social Stress Test
(TSST) on consecutive days. Cortisol was measured from saliva at time points -1, +1, 10, 30, 60, and 120 minutes after
TSST exposure. Cognitive abilities were measured using an episodic verbal memory task. Episodic memory scores
were computed as the average of immediate and delayed free recalls of 15 words.
Results: Stress exposure induced significant increases in cortisol on both days (time effect: F=57.49; p <.001), with
significantly lower responses to the second TSST (day effect: F=3.92; p= 0.05). Higher cognitive abilities were
significantly associated with lower cortisol response during the second stress exposure (! = -.37, p = .016). This
association was obtained while adjusting for age, sex, education, physical exercise, control beliefs, primary stress
appraisal, as well as the level of cortisol response during the first stress exposure.
Discussion: We found here that better cognitive abilities were related with stronger habituation of cortisol responses to
repeated acute stress. These results confirm that cognitive abilities can play a protective role by being associated with
more adaptive stress response patterns in younger and older adults. Future work will focus on understanding the
mechanisms of the association between cognitive abilities and habituation of cortisol response.
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Neuron subtype-specific inhibition of let-7 microRNA affects sleep in Drosophila
Alice Meng, Patricia Goodwin, Leslie Griffith
MicroRNAs (miRNAs) control a variety of biological functions by negatively regulating gene expression. In Drosophila
melanogaster, inhibition of the miRNA let-7 has been linked to a reduced sleep phenotype. Within the nervous system,
miRNAs play a role in the differentiation of neurons and glia, two cell types involved in sleep regulation. Drosophila
sleep shares many key features with mammalian sleep, including homeostatic regulation and similar pharmacology. We
have previously shown that neuronal inhibition of let-7 in flies results in decreased daytime and nighttime sleep. Let-7
has also been implicated in the temporal development of the mushroom bodies (MB), a structure similar to the
mammalian hippocampus that is critical for sleep regulation. We assessed whether let-7 is required in MB neurons for
its effects on sleep via expression of miRNA sponges, which “soak up” target miRNAs to inhibit their function, under the
GAL4/UAS system. Let-7 sponge was expressed both solely in the MB using the 201y driver and also in all neurons
except the MB using the neuron-specific nsyb driver coupled to an MB-specific Gal80 repressor of Gal4. Effects on
sleep were measured using the Drosophila Activity Monitor (DAM). Inhibition of let-7 in all neurons outside the MB
resulted in a rescue phenomenon in which animals exhibited increased sleep compared to animals with total neuronal
inhibition, suggesting that let-7 is required in the MB for proper sleep regulation. Future studies will explore whether
changes occur in MB development due to let-7 inhibition. As let-7 is conserved across several species including
humans, our findings may be applicable to studies of human sleep.
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Orientation and Direction Selectivity in the Lateral Geniculate Nucleus
Julia B. Zaltsman, Neil J. Ritter, Nora M. Anderson, Alexander J. Heimel, Stephen D. Van Hooser
Classical studies of lateral geniculate nucleus (LGN) and visual cortex (V1) in mammals have led to the prevailing model
that orientation and direction selectivity are computed anew in the cortex. However, recent work in mice has indicated
that direction-selective cells from the retina project directly to the LGN, and some species may have orientation and
direction selectivity in the LGN. To examine whether LGN cells make a substantial contribution to cortical orientation
selectivity, we studied cells in the adult gray squirrel and found substantially reduced selectivity. However, orientation
and direction selectivity that may be found transiently during development, and might seed cortical orientation or
direction selectivity, has yet to be studied. We performed electrophysiological records on ferrets at eye opening (P30
-35). Preliminary results indicate that the developing LGN may exhibit some orientation and direction selectivity. Future
experiments will involve collecting more data from ferrets early in development, at around the time of opening.
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Using Bioinformatics to Identify Molecular Clock Violations During the Cretaceous
Paleogene Mass Extinction
William Vickery, Timothy Street
We hypothesized that the molecular clock, a measure of the rate at which homologous genes diverge, will “tick” at an
increased rate after a mass extinction. Numerous new niches have opened up, and many new species differentiate at
such a time. The genomes of Monodelphis domestica, Ornithorhynchus anatinus, and Homo sapiens were analyzed
because Monodelphis domestica and Ornithorhynchus anatinus are respectively marsupials and monotremes. These
orders are known to have diverged from the placental mammals before the Cretaceous Paleogene (K/T) mass
extinction. A set of candidate homologous proteins, of similar length, moderate similarity, and primarily point mutations,
rather than gene deletions and insertions, was identified using the Conserved Orthologous Gene (COG) triad criteria.
COGs are triplets of homologous proteins that are pairwise symmetric best hits for one another, meaning that the
BLAST algorithm lists each as the best hit for the other. This criteria helps remove false homologs, which have
undergone gene duplication before speciation and where one species has deleted a copy of the gene. To exclude more
paralogs we required that the BLAST bitscore of the top hit be widely separated from that of the second best hit and that
the protein lengths and alignment length all be within 5% of one another. Histograms generated from the curated
dataset suggest that most paralogs have been eliminated. Further work can be done to extract homologous protein
sequences from placental mammals, align the sequences, and compare the number of point mutations to the time
elapsed between speciation events; the latter is known from the fossil record. Given this calibration of the molecular
clock, the molecular clock rate could be compared before and after the Cretaceous Paleogene (K/T) mass extinction.
The dataset is large and could be used to identify correlations in the magnitude and time-progression of molecular clock
violations of related proteins during mass extinctions. This could lend credence to conjectures by Lindquist that some
molecular chaperones may be capacitors for evolutionary change.
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Using Calcium Reporters to Monitor Real Time Activities of the Circadian Circuitry
Jae Jung, Fang Guo, Michael Rosbash
Drosophila circadian rhythms are controlled by multiple oscillators that are regulated by clock. The circadian clock relies
on several groups of neurons that express the Period (PER) protein. Although the molecular mechanisms of circadian
rhythms are well known, how the circadian clock guides these neurons’ activity to generate a structured rhythmic output
remains a mystery.  Here we utilize the newly developed calcium reporter tools to monitor the real-time changes of key
circadian neuronal activity. As expected, we found that the master circadian pacemakers, morning cells, maintain a self-
sustained calcium oscillation which peaks around lights on.  This cycling pattern can be affected by light conditions and
more interestingly, by mating. Virgins show a calcium cycling pattern similar to that observed in males while mated
females exhibit increased amplitude and anti-phase calcium oscillation, which may be related to egg-laying behavior.
We also found that old flies have attenuated and irregular calcium activity, indicating hyperpolarization of membrane
potential with age. Finally we show that the circadian neurons are also involved in homeostatic regulation of sleep.  The
calcium activity continuously accumulates during the sleep deprivation period and decreases during sleep recovery.
Moreover, circadian neurons specifically respond to sleep deprivation induced by social interaction but not by
mechanical shaking, suggesting that multiple neuronal circuits may be integrated to measure sleep pressure. In
conclusion, using these powerful tools, we now can discover the underlying link between neuronal circuits and different
behaviors.
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Chemical Shifts of the F98Y Mutant and Insights on the Structural Dynamics of
P450cam
Yuhua Ni, Thomas C. Pochapsky
Cytochrome P450s function as powerful oxidoreductases capable of carrying out various redox reactions. Cytochrome
P450cam (CYP101), from the bacterium Pseudomonas putida, carries out a highly specific reaction, the 5-exo
hydroxylation of camphor. This enzyme serves as a valuable model for P450 studies. In order to gain further insight into
the dynamics of P450 enzymes, site-directed mutagenesis was performed to mutate the wild-type CYP101 enzyme at
residue 98. This mutant, F98Y, is based on NMR structural studies and aims to bring about structural changes that
affect substrate specificity. Changes in enzymatic activity was determined through activity assays as monitored by
GC/MS, while changes in the protein’s structure was determined through 1H-15N HSQC spectroscopy which is
sensitive to the chemical environments of the protein backbone. The resulting spectra confirms a perturbation at residue
98 in addition to several other residues due to the mutation. These perturbations may have a role in dictating the
substrate specificity of the mutant protein.
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Neural Correlates of Sex Hormones on Pain Perception in Healthy Males and
Females: A Meta-Analysis
David Alpert1, Vanda Faria2,3, David Borsook2,3,4,5, Nathalie Erpelding2,3

1. Brandeis; 2. P.A.I.N. Group, Boston Children’s Hospital; 3. Harvard Medical School; 4. Massachusetts General
Hospital; 5. McLean Hospital
There is extensive evidence that males and females perceive pain differently. In addition to these behavioral results,
brain imaging studies have revealed sex differences in brain activation in response to painful stimuli. Additionally, oral
contraceptives (OC) have been shown to alter individuals’ pain processing. Accordingly, it is believed that sex hormones
may mediate sex differences in pain perception, however, the neural correlates of sex hormones on pain perception
remain elusive. Therefore, the aim of this study was to run a quantitative review of brain regions involved in pain
perception between males, normally cycling (NC) females, and females taking OC. We performed a coordinate based
meta-analytic approach using an activation likelihood estimation (ALE) analysis on 15 studies investigating sex
differences in brain activation in response to experimental pain in healthy subjects. Our analysis revealed that males
and females displayed comparable brain activation in pain-related regions such as insula (Ins), thalamus (Thal), and
anterior midcingulate cortex (aMCC). Males had significantly greater activation in the Ins, aMCC, dorsolateral prefrontal
cortex, and periaqueductal gray compared to NC females, while NC females had greater activation in the precuneus,
insula, and supplementary motor area than males. Compared to both males and NC females, OC females displayed
greater activations in the Ins, Thal, dlPFC, and secondary somatosensory cortex (S2). Activation differences between
males, NC females, and OC females in brain regions implicated in sensory, motor, emotional, cognitive and pain
modulatory processes confirm that sex hormones may induce changes in pain processing in healthy subjects.
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Comparing the effects of the three human cofilins on actin dynamics
Samantha Chin, Silvia Jansen, Bruce L. Goode
Remodeling of the actin cytoskeleton is a dynamic process that plays a crucial role in cellular functions such as
cytokinesis, cell migration, and endocytosis. A multitude of actin binding proteins regulate actin dynamics by
continuously assembling and disassembling actin networks. Cofilin is a central disassembly factor that regulates actin
turnover in two ways: (1) by severing filaments, and (2) by inhibiting the conversion of ADP G-actin to polymerizable
ATP G-actin. Three different cofilin isoforms are expressed in humans: cofilin-1, cofilin-2, and actin depolymerizing
factor (ADF), and while the activities of cofilin-1 have been characterized biochemically, far less is known about the
activities of cofilin-2 and ADF. To address this question, we purified each of the cofilin isoforms and quantitatively
compared their activities in a range of assays. Nucleotide exchange assays showed that each cofilin binds G-actin with
the same affinity. In bulk fluorescence assays comparing effects on actin filament disassembly, we observed that cofilin
-2 and ADF disassemble filaments better than cofilin-1. We directly visualized severing using TIRF microscopy which
confirmed that cofilin-2 and ADF sever more efficiently than cofilin-1. Finally, in TIRF assays, we also compared each
cofilin for the ability to promote actin filament disassembly in the presence of two cellular co-factors, Coronin1B (Cor1B)
and actin-interacting protein 1 (AIP1). We observed that under these conditions cofilin-2 and ADF promoted faster
disassembly than cofilin-1. I then tested each cofilin for the ability to sever actin in the presence of Cor1B, a protein
known to increase cofilin-1’s binding to filaments and inhibit severing. While cofilin-1’s ability to sever filaments was
greatly inhibited by Cor1B, cofilin-2 and ADF showed less inhibition which suggests that Cor1B may not affect their
binding to actin filaments. Furthermore, quantitative comparison of cofilin’s dose-responsive effects on actin filament
disassembly further suggests that cofilin-2 and ADF bind filaments differently than cofilin-1. I am now developing
fluorescently-labeled cofilins to directly test if they indeed differ in their binding to actin filaments in multi-color TIRF
assays.

Poster # 2014.368

Samantha Chin (Brandeis / Biology)

Support: Division of Science Summer Research Fellowship

QA/QC on a New System To Align Muon Detectors
Michael Shemesh, Hermann Wellenstein
High energy physics experiments, such as the Large Hadron Collider, require gathering data of subatomic interactions
using large detectors. These detectors accumulate data points when particles such as muons pass through them that
allow us to track the direction and energy of escaping particles. The alignment of these sensors is crucial, and several
systems are used to monitor any movement or deformation that may affect the detector's readings. One of these
systems is called the Rasnik and consists of a camera viewing a checkerboard-like pattern printed on a glass plate. The
pattern contains coordinate information, and Brandeis software is able to determine the pattern's position relative to the
camera. When installed on a muon detector, the Rasnik method allows precise measurements of movement or
deformation of the detector. A different application of this will not use a camera but only a charge coupled device (CCD)
that is in direct contact with the surface of the Rasmask.
My work this summer involves performing tests on contact CCD’s and Rasnik masks to optimize quality
assurance/quality control of detector construction and assembly before the system is installed at LHC in 2018.
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Structural proteomics of cilia and flagella using cryo-electron tomography and sub-
tomogram averaging
Rosemarie Kringel, Shannon Martin, Daniel Stoddard, Daniela Nicastro
Cilia and flagella are ubiquitous cellular organelles with important motile and/or sensory function. Nearly every human
cell is ciliated at some point during its development. All cilia and flagella are enclosed by a membrane and bear the
same characteristic inner axonemal structure which features a circular array of nine doublet microtubules and two
central singlet microtubules. Scientists have identified >600 flagellar proteins, yet only a small subset of these has been
localized in the axoneme with molecular resolution. In recent years, EM has advanced, e.g., cryogenic sample
preparation provides better structural preservation and imaging by electron tomography (ET) reveals structures in three
dimensions. We combined these modern EM techniques to enhance the resolution of cilia and flagella to the molecular
level producing more detailed images than ever before; this allowed us to discover a new class of proteins, the
Microtubule Inner Proteins (MIPs] that localize to the lumenal side of the doublet microtubule walls. However, the protein
composition and function of these MIPs and other axonemal complexes are still widely unknown. We used cryo-ET and
image processing to compare the 3D structures of wildtype and mutant axonemes, and to locate any structural defects
caused by the mutation. This information can then be related to the mutated or missing polypeptide, and functional
phenotypes to gain a better understanding of the functional organization of cilia and flagella.
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Localization of EFHC1 protein in Tetrahymena thermophila axonemes using Cryo-
ET
Shannon Martin, Rosemarie Kringel, Daniel Stoddard, Ying Zhao, Jacek Gaertig, Mark Winey, Daniela Nicastro
Cilia and flagella are important motile and/or sensory organelles present on many cell types, including most human cells
at least at some point during development. Defects in assembly and/or function of cilia may result in group of human
diseases, called ciliopathies, such as polycystic kidney disease, Meckel-Gruber syndrome, or Bardet-Biedl syndrome.
The highly conserved core structure of cilia and flagella, the axoneme, is composed of a stable 9+2 array of
microtubules and more than 400 associated proteins. One of these axonemal proteins is the highly conserved EF-hand
domain-containing protein 1 (EFHC1). Mutations of human EFHC1 are linked to the seizure disorder Juvenile Myoclonic
Epilepsy (JME). However, the precise location(s) of EFHC1 in cilia, as well as the disease-causing mechanism, are
unknown. To determine the location of EFHC1 in cilia, we used cryo-electron tomography and subvolume averaging to
examine knockout mutants of TtEFHC1 (Bbc73) and its paralog Bbc60 in the ciliate Tetrahymena thermophila. A
comparison with the wildtype axonemal structures suggests structural defects within Microtubule Inner Proteins 1 (MIP1)
on the inside of the ciliary doublet microtubules in both knockout strains. Our data suggests that Bbc73 and Bbc60 play
roles in the formation and/or composition of MIP1due to observed structural defects. Microtubule Inner Proteins (MIPs)
have only recently been discovered on the inside of axonemal microtubules, basal bodies, and centrioles, but so far,
nothing is known about their protein composition or function. Thus, our results may provide first insight into the
composition and function(s) of these newly discovered structures.
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Functions of 10A and 10B isoforms of Drosophila TRPA1 in electrophile avoidance
Sarah Shin, Bomi Song, Paul A. Garrity
The Transient Receptor Potential (TRP) channel TRPA1 is a six-transmembrane cation channel involved in pain and
inflammation. It is activated by reactive electrophiles, tissue-damaging chemicals that we perceive as pungent and
irritating such as N-methyl maleimide (NMM) and Allyl Isothiocyanate (AITC) a component of mustard oil. The TRPA1
orthologue in Drosophila melanogaster has at least four different isoforms due to alternative promoters (1A and 1B) and
alternative splicing of two mutually exclusive exons (10a and 10b). Prior results show that the 1A isoforms that are
transcribed from promoter A act as chemoreceptors in the proboscis while the 1B isoforms that are transcribed from
promoter B act as thermoreceptors in the head. However whether the alternative isoforms that result from alternative
splicing have differing functions is unknown. To test the roles of specific splice isoforms in chemical detection, we
performed RNAi knockdowns of the 10A and the 10B isoforms in different subset of bitter taste neurons in the labellum
and assessed the transgenic flies’ ability to avoid NMM in the Capillary Feeding (CAFE) assay. We observed that the
10B knockdown in Sb bitter taste neurons decreases avoidance at low NMM concentration. We also observed a
possible decrease in NMM avoidance when 10A isoforms were knocked down in Sb bitter taste neurons. These results
suggest that the 10B and possibly the 10A isoform may both be involved in sensing low concentrations of NMM. We will
further investigate the functions of 10A and 10B isoforms in NMM sensing by testing isoform-specific mutants and
examining the cell-specific distribution of the isoforms. This will be informative in understanding how alternative splicing
may regulate the function of TRPA1.
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Investigating circadian on-DNA transcriptional repression of CLK by PER/TIM in
Drosophila melanogaster
Makeda Austin, Weifei Luo, Michael Rosbash
Circadian rhythms are the internal biological rhythmic patterns that evolved in response to the cycle of day and night
caused by the Earth’s rotation. They play a ubiquitous role in the metabolic and behavioral functioning of a variety of
species. Interestingly these circadian rhythms are controlled by "clock genes" that code for clock proteins. Previous
studies have found that a transcriptional negative feedback loop exists in which PERIOD (PER) /TIMELESS (TIM)
proteins repress the activity of CLOCK (CLK)/CYCLE (CYC) transcriptional proteins. Works from our lab and others
have suggested that there are two modes of off-DNA and on-DNA repression of CLK activity. Although PER forms a 1:1
stoichiometric complex with CLK and represses its activity in off-DNA repression, it remains unclear how PER/TIM may
repress CLK activity at chromatin (on-DNA). Here we utilized nuclease and salt concentration to study the interaction of
CLK, PER and TIM at Chromatin. Our preliminary results suggested most CLK is tightly associated with chromatin at
ZT14-18 (early repression). Furthermore, we observed strong interaction of CLK with TIM at chromatin at ZT18, but not
with PER, suggesting that TIM may play a role in the early phase of CLK repression.
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Analyzing the Role of Dicer in the Maintenance of the Proprioceptive Circuit
Jennifer L. Mekonnen, Monica M. Ferrer, Sean M. O’Toole, Sacha B. Nelson
The proprioceptive circuit, necessary for balance and locomotion, is composed of specialized sensory organs known as
muscle spindles, the type 1a sensory neurons that innervate them, along with the motor neurons they target. Using
genetic tools, we have found that Dicer, the small RNA biogenesis enzyme, is necessary for the maintenance of the
proprioceptive circuit. Although type 1a afferents maintain normal morphology and still innervate the muscle spindle,
there is a significant decrease in vGluT1 expression at the site of innervation. We describe, through behavioral
measurements, the uncoordinated gait, severe ataxia, and hyperextended limbs, characteristic of Dicer ablation within
this crucial circuit. Furthermore, there is no significant change in cell density within lumbar 5 dorsal root ganglion.
However, there seems to be a change in the distribution of cell size type 1a afferent sensory neurons.
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Pupil dilation in response to semantically unexpected words: A quantitative measure
of language processing
Riley Fricke, Joseph Wachutka, Zane Zheng, & Arthur Wingfield
In 1960, pupil dilation was first studied as a measure of sexual and emotional arousal, since then it has been used as a
measure of a variety of cognitive functions. Pupil dilation has been measured during different language processing
tasks, but has not yet been studied in response to semantically unexpected words. In this study, pupil diameter was
measured while participants listen to sentences ending in either an expected or unexpected word. According to the
data, pupil dilation is greater and reaches the peak dilation later in the unexpected sentences than during the expected
sentences. We plan to replicate this study using electroencephalography (EEG) as the metric to complement
pupillometry, and to continue using pupillometry after its usefulness was demonstrated in this study.
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The Effects of Motivational Relevance on Intergroup Motor Resonance In
Competitive Contexts
Hector Quinones & Jennifer Gutsell
Motor Resonance is a term that is often used to describe a phenomenon in which sensori motor areas are active both
during action observation and action execution.  Potentially, such motor resonance is caused by the firing of neurons
called mirror neurons, which are primarily located in brain areas associated with motor activity. Previous research
supports the idea that motor resonance plays an essential role in understanding observed actions and the inference of
the pursued goals for these actions. In humans it has been shown that motor resonance varies according to intergroup
biases, such that people tend to resonate more with the actions of social ingroup members than with the action of social
outgroup members. However such intergroup biases are not fixed and vary according to the motivational relevance of
the observed targets. This study aims to examine how motivational relevance elicited in competition contexts affects
intergroup motor resonance. As an indicator of motor resonance the suppression in amplitude of an EEG oscillation with
dominant frequencies in the 8-13 Hz band, called the mu rhythm, which the previous literature has linked to mirror
neuron activity, is used for this study. Subjects were randomly assigned to a competition and control condition and then
watched videos of ethnic outgroup and ingroup members handling a Rubik's cube, and were later asked to handle one
themselves, while their brain activity was recorded with EEG. While, participants who thought that they were watching
others they would later have to compete against, showed significantly stronger mu suppression during intergroup action
observation, participants in the control condition did not show significant difference in mu suppression. These results
suggest that competitive contexts increase target motivational relevance, and thus increase intergroup motor
resonance. However due to limitations in the number of participants and problems in baseline recordings future study
should be done, to corroborate the preliminary findings from this study.
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Recognition Programs Simplify Data Analysis Techniques
P. Sahay, R. Rahman, X. Chen & M. Rosbash
Computational tools can facilitate the analysis of complex biological data.  We have explored two computational
problems as they relate to questions of interest in the Rosbash Lab.  The first is optimizing the FlyPS (Fly Positioning
System) analysis program. FlyPS locates flies in a given image, testing each pixel in the image for relatedness to a fly.
In general, the software recognizes certain colors and clusters them into discrete entities, useful for most image
recognition tasks. Identifying the flies is the first step in quantifying their health through how quickly they can reach the
top of a vial. The second is to develop a SNP filter and intersection/union finder to reduce the required human labor in
RNA editing studies.  This will allow us to find probable editing sites for a large number of genes more quickly and
easily.
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ERP Components of Motor Adaptation
Joshua Maldonado, Andrew Erhart, Paul DiZio
Event related potentials (ERPs) have been identified for specific reaction errors under time pressure conditions for the
visual and auditory modality (Falkenstein, 2000). An error-related negativity (ERN) has been found about 300 msec after
unexpected visual and auditory events (Falkenstein, 2000). This study aimed to determine whether an ERN exists
during motor errors that drive motor adaptation. We hypothesized that different EEG patterns would be observed for
reaching movements exposed to a novel unexpected force, prior to adaptation, relative to movements exposed to the
same  post-adaptation when the force is expected.Results show motor adaptation was successful across all subjects.
Data analysis is still in progress. EEG analysis across all subjects has not yet been completed.

Poster # 2014.379

Joshua Maldonado (Univ. Puerto Rico, Rio Piedras / Psychology)

Support: Division of Science Summer Research Fellowship

Reexamining the role of painless in electrophile detection in Drosophila
Alberto Corona, Lina Ni, and Paul Garrity
Reactive electrophiles are a large and common class of tissue-damaging chemicals that some plants and animals use
as deterrents because they are unpleasant to vertebrates and invertebrates. Reactive electrophiles include chemicals
like formaldehyde and the irritating components of wasabi, tear gas and cigarette smoke. Animals from flies to humans
detect and respond to reactive electrophiles, a process called chemical nociception. The response to these stimuli is
generated in the nervous system as a response to potential tissue damage, and in humans triggers pain and irritation. In
humans, electrophiles are detected by the Transient Receptor Potential (TRP) cation channel TRPA1. In a previous
paper, it was suggested that electrophile detection in Drosophila (fruit flies) relied on a different TRP channel called
painless1. However, recent work from our lab indicates that, like humans, fruit flies detect electrophiles via TRPA1. To
resolve the possible role of painless in the fly’s response to electrophiles, our lab has recently created a null mutation
that completely eliminates the painless gene. We have been determining whether these painless null mutants have
defects in sensing electrophiles. Using a capillary feeding assay (CAFE) to assess the ability of flies to avoid food that
contains electrophiles, we demonstrate that painless is not required for electrophile detection by the Drosophila
gustatory system. These data are consistent with a model in which TRPA1 mediates electrophile detection without
assistance from painless.
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Alternative methods of DNA repair : The Non-SOS response
Arijit Paul, Alexander E. Ferrazzoli and Susan T. Lovett
DNA damage repair is essential for survival of all organisms. Two proteins, a repressor named LexA and an inducer, the
RecA filament, play key roles in the regulation of the SOS response. RecA is a ubiquitous protein conserved across
organisms (Rad51, a RecA homologue, in mammalian cells) which binds to ssDNA and promotes the self-cleavage of
LexA a repressor of SOS genes.
But Non-SOS pathways exist which are not well characterized and act independently of RecA/LexA DNA damage
response pathway. The objective of this study is to assay the promoter activity of several genes mainly involved in
replication which are important in DNA damage repair. Many of the promoters in the lexA3 mutant do demonstrate SOS
independence when treated with MMC. The promoters that had higher activity in the LexA mutants are priC and polA
and the ones which showed reduced promoter activity are recA, gyrB and holB. Hence we can infer that priC  and polA
may be involved in the non-SOS response and the genes recA, gyrB and holB may be involved in the SOS response
pathway. This leads to the model where replicative genes play a central role in regulating the non-SOS response to
DNA damage.
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Investigating the cyclization reaction catalyzed by monoterpene synthases: (+)-4R-
limonene synthase and 1,8-cineole synthase
Karan Malik, Prem Ramasamy, Hongkun Lin, William Schiff, Isaac Krauss, Daniel Oprian
The terpenoid family exists as one of most abundant and diverse classes of organic compounds found in nature. The
linear substrate geranyl diphosphate (GPP) is catalyzed by (+)-limonene synthase (LS) and 1,8-cineole synthase (CS)
to form (+)-limonene and 1,8-cineole, respectively. These monoterpenes present themselves as potent biofuels, which
adds a dimension of industrial practicality to this project. Here we use LS and CS as model monoterpenes synthases to
study monoterpene biosynthesis. The goal of our project is to study the stereochemical and kinetic aspects of GPP
cyclization within the active site of LS and CS. To study these enzymes, we want to make analogs of GPP substrate that
will function as inhibitors. These analogs are (E)-2-fluoro GPP (2FGPP) and (E)-8,9-difluoro GPP (89DFGPP) and we
believe these analogs should inhibit key steps within the cyclization of GPP to yield (+)-limonene or cineole. To do this,
we set up a phosphorylation reaction that uses neat isoprenoid alcohols. Using commercially available geraniol, GPP
substrate is synthesized with ample yield (178 mg, 32%). 2FGPP was synthesized and purified (98 mg, 31%) as well.
We use a single vial assay to test the catalytic activity of our enzymes using GC/MS analysis. We sought out to
investigate enzymatic parameters of our enzymes and collected initial kinetic data for LS. We report a Km of 180 µM
and a Vmax of 27315 area/second. Lastly, we conducted initial crystal trials of CS and LS co-crystallized with 2FGPP in
the hopes of trapping an intermediate within the active site of these synthases. We show initial co-crystallization of
enzymes with 2FGPP.
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Pulse-coupled Belousov-Zhabotinsky oscillators with different frequencies
Manhao (Danny) Zeng, Viktor Horváth, Irving R. Epstein
Synchronization of coupled oscillators is a naturally occurring phenomenon in numerous physical, chemical, and
biological systems. It can also be observed in a system of pulse-coupled Belousov-Zhabotinsky (BZ) oscillators that is
analogous to neural networks in which neurons are connected through their synapses. In this project, two pulse-coupled
BZ oscillators having different frequencies with identical inhibitory coupling strengths and time delays were studied.
Various temporal patterns (1:1, 1:2, 1:N, 2:3, 3:5) that followed the Farey sequence were observed in experiments. The
cycle length ratio of the oscillators (T2/T1) is the main parameter that determines which temporal pattern develops. The
1:2 arrangement was studied in greater detail, as it is the most prevalent in the coupling strength vs. cycle length ratio
parameter space. In a chemical model, it was previously shown that depending on the time delay introduced between
the occurrences of the peaks and the pulse perturbations, the peaks of the faster oscillator may occur at different
instances within the cycle of the slower oscillator. Qualitative agreement between the numerical results and the
experimental findings was found. Overall, these experimental results enabled us to refine the existing numerical model
and to develop a simpler model that may improve the fundamental understanding of synchronization in natural systems.
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Dual Homeostasis: Preserving Information
D.S. Magruder, P. Miller
Maintenance of an average firing rate on a large timescale is crucial for information that is conveyed by the fluctuations
on a short timescale.  Hebbian plasticity is a destabilizing force modifying the strength of specific synapses of a neuron,
whereas homeostatic plasticity is a stabilizing force scaling the strength of all synapses of a neuron to maintain an
average firing rate. Most theoretical models currently establish stability via a single homeostatic sensor.  It is likely that
homeostatic plasticity is effectuated via two sensors. Here we investigate the stability requirements of a theoretical
model with dual homeostatic functions modulating independently intrinsic and synaptic conductances.
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New Ligands for Synthesis of Heterobimetallic Compounds
Jeremy Koob, Seth Marquard, and Christine Thomas
The Thomas group is exploring the functionality of bifunctional catalysts created by supporting two different metal
centers in a ligand framework, creating an early-late heterobimetallic compound.
The group has had particular success with a series of cobalt-zirconium heterobimetallic compounds linked by
phosphino-amide ligands. The goal of my project is to synthesize a heterobimetallic compound with a new ligand, using
a phosphinomethylamide backbone.
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Grains and Magnets: Understanding Granular Materials through Zero-Temperature
Dynamics of Spins
Pranav Gupta, Bulbul Chakraborty
Study of granular materials from first principles poses great challenges. Hence it is always helpful to map these systems
to simpler models that can be analysed easily. One such mapping of a 2-dimensional system of grains is to the Random
Field Blume-Emery-Griffiths (RFBEG) model of spin-1 particles at 0 K. The current work uses this mapping to construct
a phase diagram of the 2-dimensional granular system based on presence of different types of spin avalanches in the
equivalent RFBEG model.
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Diffusively coupled chemical oscillators in a 2D microemulsion system
R. Burton, M. Toiya, and I. R. Epstein
The basis of this project was to investigate the pattern formations of the Belousov-Zhabotinsky (BZ) reaction in 2D
micro-emulsion systems. In particular, we studied the effect of light on pattern formation and development, which has
potential applications in chemical memory storage, and has never been fully explored. Reverse micro-emulsions were
made in cyclooctane, with varying droplet fractions and concentrations of sulfuric acid. These micro-emulsions were
then placed in a reactor, and observed on a projector with varying lighting conditions. We observed a number of
different patterns, ranging from Turing patterns to bulk oscillations, and found we could control which type of pattern
formed by varying the sulfuric acid concentration. We also found that light did have a noticeable effect on pattern
formation. The patterns in the regions exposed to light generally had a shorter characteristic length, while the patterns in
the dark regions were more continuous. For the future, we intend to further explore the impact light has on the system,
as well as explore new concentrations of the various reactants in the BZ oscillator.
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