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Glycemic Control Confers Cerebrovascular Protection and Improves
Neurological Outcomes in Diabetic Ischemic Brain Injury

Roshini Prakash'*, Mostafa M Elgebaly®, Safia Oghi?, Aisha Kelly-Cobbs? Weiguo Li? Susan
C. Fagan®® and Adviye Ergul*??

Program in Clinical and Experimental Therapeutics, Department of Clinical and Administrative
Pharmacy, College of Pharmacy, University of Georgia’; Department of Physiology?, Medical
College of Georgia, Charlie Norwood Veterans Affairs Medical Center®, Augusta, Georgia

We have previously shown that temporary focal ischemia by middle cerebral artery occlusion
(MCAO) causes greater hemorrhagic transformation (HT) and neurological deficits in diabetic
Goto-Kakizaki (GK) rats, a model that presents with increased cerebrovascular MMP activity
and tortuosity.

Purpose: The goals of this study were to test the hypotheses that 1) diabetes-induced
cerebrovascular remodeling is MMP-dependant, and 2) prevention of vascular remodeling by
glucose control reduces HT and functional outcomes in diabetes after focal ischemia.

Methods: Male Wistar control and diabetic GK rats were treated with vehicle, metformin (300
mg/kg/day) from the onset of diabetes in GK rats (6 weeks) till they reached the weight for
MCAO (11 weeks, 270-300 g). A cohort was then sacrificed after injection of the resin Pudii to
visualize the pial vessels and vascular tortuosity index, lumen diameter, number of collaterals
between MCA and ACA and number of anostomoses within the MCA tree were measured as
indices of remodeling. In a second cohort, MMP activity was evaluated by zymography of
isolated MCAs. A third cohort was subjected to 3h MCAQO/21h reperfusion and infarct size and
HT were evaluated as indices of neurovascular injury.

Results:  All remodeling markers including MMP-9 activity were increased in diabetes and
treatment with metformin prevented these changes (see Table). There was no change in infarct
size by metformin yet both severity of HT and neurological deficits were significantly reduced.
Conclusions: Thus diabetes-mediated stimulation of MMP-9 activity promotes cerebrovascular
remodeling and augmented remodeling contributes to increased HT in diabetes. Glycemic
control through metformin offers vascular protection and improves behavioral outcomes that has
important clinical implications for patients with diabetes who are at a 4 to 6-fold higher risk for
stroke.

Parameters Control (Vehicle) | Diabetes (Vehicle) | Diabetes + metformin
Tortuousity index 1.2+0.01% 2+0.1 1.2+0.01°

Collateral diameter 0.03+0.001° 0.09+0.003 0.03+0.004*

# of collaterals 71+6° 154+18 96+8°

# of anastomoses 71+9% 27633 122+13°

MMP-9 activity (% standard) 60+33° 460+150 1754642

Infarct size (% contralateral) 30.4+4.3° 9.8£1.8 9.5+2.3

HT (ug/g) 4.2+0.7° 22.548.8 8.9+1.9°

Composite neurological score (higher | 3.15 4.85 2.87

score represents greater deficits)

#p<0.05 vs GK vehicle, n=7-14/group



Activation of phenotypically distinct neurons in the amygdala of rats
following exposure to ferret odor

Ryan K. Butler, Paul Brito-Vargas, Kris A. Kaigler, Jim R. Fadel, Marlene A. Wilson*

Department of Pharmacology, Physiology, and Neuroscience, University of South
Carolina School of Medicine, Columbia, USA

Exposure of rats to an odor of a predator can elicit an innate fear response. In addition,
such exposure has been shown to activate limbic brain regions such as the amygdala.
However, there is a paucity of data on the phenotypic characteristics of the activated
amygdalar neurons following predator odor exposure. In the current experiments, rats
were exposed to cloth which contained either ferret odor, low or high amounts of butyric
acid (a noxious odor), or no odor for a duration of 30 minutes. Two hours following
exposure, rats were sacrificed, perfused with PBS and paraformaldehyde (4%), and the
brains were isolated. Sections of the brains were prepared for single- (cFOS) and dual-
labeled immunohistochemistry and the number of single and dual-labeled neurons of the
left and right basolateral (BLA), central (CeA), and medial amygdala were counted. To
analyze some of the major cell populations of the amygdala, co-localization of cFOS and
Ca2+/calmodulin-dependent protein kinase (CAMK) II, parvalbumin, and calbindin was
assessed. Data were analyzed with 1- or 2-way ANOVA followed by Student-Newmann-
Keul’s post-hoc test. Behavior analysis showed an increase in defensive burying in ferret
odor-exposed versus control rats during the behavior trial. Dual-labeled
immunohistochemistry showed a significant increase in the percentage of CAMKII
neurons co-localized with cFOS in both the left and right BLA and CeA of ferret odor-
exposed compared to control and/or butyric acid-exposed rats. Further results suggested
a decrease in the percentage of calbindin neurons that were also labeled with cFOS in the
MeA of ferret-exposed versus low butyric acid-exposed rats. The results suggest that
exposure to predator odor activates the glutamatergic projection neurons of the BLA,
while potentially decreasing the activation of some inhibitory neuronal populations.
These results enhance our understanding of the functioning of the amygdala following
exposure to predator threats by showing phenotypic characteristics of activated
amygdalar neurons. With this knowledge, specific neuronal populations could be
targeted to further elucidate the fundamental underpinnings of anxiety or possibly for
developing novel therapeutics.

SUPPORT: NIMH grant RO1 MH064433 to MAW and JF.



Bidirectional encoding of the positive and negative salient signals by majority
VTA dopamine neurons

Dong V. Wang" ? and Joe Z. Tsien'*

! Brain and Behavioral Discovery Institute, Medical College of Georgia, Augusta, USA
2 Institute of Brain Functional Genomics, East China Normal University, Shanghai, China

Dopamine neurons in the ventral tegmental area (VTA) are traditionally believed to process
reward information and addiction. Here we investigate whether and how VTA responds to
fearful experiences or dangers. We report here that the VTA putative dopamine neurons, up to
96%, are, in fact, responsive to fearful events such as sudden elevator-drop and earthquake-
shake. Vast majority of them exhibited suppression-and-rebound response, while a small
percentage of them were excited by fearful events. Moreover, these VTA dopamine neurons
encode fearful event-saliency parametrically in proportion to the stimulus duration and/or
intensity. Finally, a neutral tone can become the conditioned cue for both food reward and
fearful events in different contexts (Figure 1), that is, majority VTA dopamine neurons showed
significant activation in response to the conditioned tone that predicts food reward (in the reward
chamber), while they were significantly suppressed by the same conditioned tone that predicts
fearful event (in the fear chamber). These results suggest that the majority VTA dopamine
neurons are intrinsically capable of bidirectional encoding of both positive and negative salient
signals.

Tone-1 + Sugar Tone-1 + Drop event Tone-1
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Figure 1. Peri-event rasters and histograms of one dopamine neuron in response to tone-1 (5
kHz, 1 sec, 85 dB) that predicts sugar pellet (left), that predicts drop event (middle) and that does
not predict anything (right).



Characterization of the physiological- and genetic phenotype of CRF-
expressing neurons in the bed nucleus of the stria terminalis

Ji-Dong Guo, Rimi Hazra, Joanna Dabrowska, Aaron M. Jasnow, and Donald G.
Rainnie*

Department of Psychiatry and Center for Behavioral Neuroscience, Emory University,
Atlanta, USA

Corticotrophin-releasing factor (CRF) and its receptors are regarded as a major mediator
of an organisms’ response to unexpected and stressful environmental challenges.
Activation of neurons in the bed nucleus of the stria terminalis (BNST) plays a critical
role in stress and anxiety-related behaviors. The BNST also has a high density of CRF-
expressing neurons, suggesting that activation of these neurons may play a critical role in
the behavioral response to stress. However, little is known about the cellular
characteristics and neurochemistry of these neurons due to the difficulty in indentifying
this cell population. We have overcome this obstacle by producing a novel transgenic
mouse line expressing green fluorescent protein (GFP) driven by the CRF promoter. In
this study, we have combined patch clamp recording, immunohistochemistry, and single
cell RT-PCR (scRT-PCR) to examine the intrinsic membrane properties of CRF neurons
in the BNST, and determine the genetic phenotype of these neurons.

We first used scRT-PCR analysis of GFP positive neurons to validate our transgenic
CRF-GFP mouse line. As expected, all GFP neurons tested expressed CRF mRNA
transcripts. This study also revealed that CRF-expressing neurons of the BNST also co-
express mMRNA transcript for GAD67, suggesting they are also GABAergic neurons.
Consistent with this observation, our immunohistochemical studies showed that all CRF-
immunoreactive neurons were also GAD67-immunoreactive. Having validated the CRF-
GFP construct, we next characterized the physiological properties of these neurons. CRF-
GFP cells of the mouse BNST have a mean resting membrane potential (V) of -67.4 £
0.4 mV, a mean input resistance (Rny) of 337 = 20 MQ, and mean time constant of 26.7 +
1.6 ms. In response to hyperpolarizing current injection, these neurons exhibited a fast
time-independent rectification that was indicative of activation of the inwardly rectifying
potassium current, Kgry, and a slower time-dependent depolarization which was
indicative of activation of the hyperpolarization-activated cation current, I,
Significantly, the intrinsic membrane properties of CRF neurons in the mouse BNST
closely resemble those previously described as Type Il neurons in the rat BNST
(Hammack et al 2007). Consistent with these membrane properties, our scCRT-PCR
studies showed that CRF neurons expressed the mRNA transcripts for distinct ion
channel subunits; including the Ia channel a subunits Kv4.2 and Kv4.3, the Th channel
subunit HCN4, and the Kry subunits Kir2.1, 2.2 and 2.3. Interestingly, we noticed that
the baseline excitatory input onto the CRF-expressing neurons shows a higher amplitude
and frequency of spontaneous EPSPs than that observed in non-CRF neurons, suggesting
that these neurons are under tighter excitatory control than the neighboring non-CRF
neurons. This study has shown for the first time that CRF-neurons of the mouse BNST
CRF-expressing neurons have similar membrane properties to rat Type Il BNST neurons
and receive more prominent excitatory inputs than other BNST neurons. Moreover, the



Drugs that stimulate oxytocin release promote social bonding in an
animal model relevant to autism

Meera Modi'* and Larry Young?

! Center for Behavioral Neuroscience, Emory University, Atlanta, USA
2 Department of Psychiatry, Emory University, Atlanta, USA

Background: Oxytocin (OT) enhances prosocial behavior in animal models, and
intranasal OT enhances some aspects of social cognition in humans, suggesting that the
oxytocin system may be a viable target for pharmacological therapies in autism spectrum
disorder. However the therapeutic potential of oxytocin is limited by its poor penetration
of the blood-brain-barrier. An alternative approach to modulating the OT system is to
pharmacologically enhance endogenous OT release. Here we use social bonding in the
monogamous prairie vole to assess the prosocial effects of drugs known to stimulate OT
release. Social bonding in voles is a complex social cognitive process which can be
efficiently assayed in the laboratory using a partner preference paradigm. The formation
of a partner preference in female prairie voles is dependent on OT. We propose that the
partner preference paradigm in prairie voles may have face, construct, and predictive
validity for screening drugs to enhance social cognition in disorders such as autism.
Alpha-melanocyte stimulating (alpha-MSH) hormone and serotonin (5-HT) act on the
oxytocinergic neurons of hypothalamus to stimulate OT release. To target these systems,
we administered Melanotan | (MTI) and Melanotan Il (MTII), which act on melanocortin
3/4 receptors, and busprione (BUS), a 5-HT1a receptor agonist, to female prairie voles.
We hypothesized that administration of these drugs prior to pairing with a male would
accelerate partner preference formation. If our hypothesis is correct, then we predict that
a similar pharmacological approach may be useful to enhance social cognition in humans
and potentially ameliorate some of the social deficits associated with autism.

Objectives: To determine the effect of drugs known to stimulate OT release on social
bonding in prairie voles.

Methods: Melanotan | (MTI; 1 and 10 mg/kg), Melanotan Il (MTII; 1 and 10 mg/kg),
buspirone (BUS; 8 and 30 mg/kg) or vehicle were administered peripherally to female
ovariectomized prairie voles. The non-receptive animals were cohabitated with a male
partner for a period of time shorter than that typically necessary to stimulate a partner
preference. Following the cohabitation, the females were tested for social bonding using
the partner preference paradigm. Time spent in side-by-side immobile contact with the
partner or a novel stimulus animal was quantified.

Results: Females receiving the high dose of MTII and the low dose of BUS formed
robust partner preferences. MTI did effect partner preference formation in this paradigm.
Discussion: Drugs that targeted both the melanocortin and the serotonin systems via
receptors on OT neurons induced partner preference formation under conditions in which
bonding does not typically occur. As the receptors targeted by both of these compounds
reside on OT neurons, we suggest that the prosocial effects of these drugs may be due to
stimulation of endogenous OT release. Thus, targeting these receptor systems provides a
potential mechanism to stimulate the OT system, which may have therapeutic value for



Providing virtual sensory feedback in an isolated nervous system
N. Daur** and W. Stein®

! Whitney Laboratory for Marine Bioscience, University of Florida, USA
2 Institute of Neurobiology, UIm University, Ulm, Germany

Proprioceptors provide the nervous system with information about the state of the body
and are thus vital for all animals. To test the response of the nervous system to
proprioceptive feedback on the cellular level it is often inevitable to revert to reduced
preparations. Yet, in these preparations it is difficult to provide adequate sensory
feedback. Traditionally, predefined stimuli are used or time/phase-correct stimulations
are applied. Both conditions do not reflect the activation of the proprioceptors in the
animal and may not be adequate to study the effects of sensory feedback. We are
addressing this issue by investigating the muscle tendon organ AGR (anterior gastric
receptor) in the stomatogastric nervous system of the crab. AGR measures the tension of
a muscle involved in the chewing of food, which is driven by the rhythmic activity of the
gastric mill central pattern generator.

AGR’s soma possesses intrinsic properties such as sag potential and spike frequency
adaptation and spikes from the periphery have to pass the soma to reach their target
circuits. AGR is typically activated phasically during teeth protraction and its firing
frequency depends on the prevailing motor activity. Here, we test whether a simple
sensory feedback is sufficient to elicit the adequate motor response or if a more complex
feedback is required. For this, we used a combination of the isolated biological nervous
system and real-time sensory feedback provided by a computer. We then compared the
response of the gastric mill motor system in two conditions: (I) we activated AGR in a
phase-correct way, but with constant frequency or (I1) AGR activity was calculated by a
model based on physiological data, which reproduced the known response of AGR. In the
latter case, the activity of motor neurons was transformed into muscle tension, which then
was used for current injection into the AGR model. The model output, in turn, drove the
biological AGR.

We found that the resulting motor patterns showed great differences, for example in their
period and phase relationships. On average, the cycle periods of rhythms with the AGR
model were faster (about 10 s) than those of rhythms with constant AGR frequency
(about 14 s), although the control period prior to AGR activation was similar.
Additionally, the protraction phase of the rhythm was significantly shorter when AGR
was activated with constant frequency, while the retraction phase was prolonged.

Our results thus indicate that to provide adequate proprioceptive feedback it is necessary
to consider the dynamics of the sensory response instead of just relying on predefined
parameters. Supported by DFG STE 937/5-1 and 5-2.



Photoreceptor dystrophies result in the remodeling of bipolar cell
morphology in the retina of the zebrafish (Danio rerio)

Carole Saade'*, James M. Fadool*

! Department of Biological Science and Program in Neuroscience, Florida State
University, USA

In the zebrafish retina, little is known about the changes that occur in second order
neurons in response to photoreceptor degeneration. The goal of this study was to use
zebrafish genetic models that result in specific loss of rods or cones, in order to examine
the morphological alterations occurring in the bipolar cells. Two photoreceptor
degeneration lines were used; the XOPS-mCFP transgenic line causes rod degeneration
(Morris et al. 2005), and the pde6c mutant line results in cone degeneration (Stearns et al.
2007). Bipolar cells were visualized either by immunolabeling for PKCa. or by breeding
each of the photoreceptor degeneration lines with the nyx::MYFP transgenic line, in
which bipolar cells express YFP (Shroeter et al. 2006). Immunohistochemistry was also
used to label photoreceptors, and confocal microscopy was utilized to quantify changes in
bipolar cell morphology. Results indicated that retinas exhibiting cone photoreceptor
degeneration show changes in ON-bipolar cell morphology compared to wild type
retinas. Features affected include dendritic processes, axon terminal stratification, and
localization of the cell body. Specifically, dendrites in retinas with photoreceptor
degeneration often extended into the photoreceptor cell layer, showing longer processes
that what is observed in the wild type retina. Additionally, axon terminals were seen to
extend beyond the inner plexiform layer, reaching and terminating within the ganglion
cell layer. In contrast, rod degeneration resulted in subtle alterations of bipolar cell
morphology, particularly in the axon terminals. These data indicate that maintaining
normal bipolar cell morphology in the zebrafish retina is more dependent on intact and
functional cone photoreceptors than on intact rod photoreceptors. Further studies are
proposed to investigate the developmental process of individual bipolar cells in response
to photoreceptor degeneration. The study of putative changes in second order neurons
provides insight into the integrity of inner retinal layers for carrying out cell transplants
that aim to restore vision during photoreceptor degeneration.



Invasion of ectopic visual inputs compromises auditory function in
primary auditory cortex

Yu-Ting Mao* and Sarah L. Pallas

Department of Biology and Neuroscience Institute, Georgia State University, Atlanta,
USA

It is known that brain trauma or sensory deprivation can cause rewiring of affected brain
areas during the recovery phase. We reported previously that unilateral midbrain damage
at birth in ferrets diverts retinal axons into auditory thalamus, inducing coexistence of
auditory, visual and multimodal responses in auditory cortex (AC). Previous
investigations of this cross-modal (XM) plasticity paradigm have described the novel
visual functions in AC of XM animals, however to what extent the auditory function is
affected remains unknown. We hypothesize that competition from visual inputs reduces
the sensitivity of AC neurons to sound and alters the sound frequency map in AC. Using
in vivo extracelluar recording, we investigated sound frequency tuning and topographic
mapping of auditory neurons and multimodal neurons in AC. We found that despite
competition from visual inputs, auditory neurons in Xmodal AC were tuned to pure tones
although their sensitivities were decreased and topographic order was disturbed.
Furthermore, both the proportion and the location of low-frequency auditory neurons in
Xmodal AC were significantly affected. In contrast to multisensory brain areas of normal
animals, in which frequency tuning is not seen, multimodal neurons in XMAC did exhibit
frequency tuning. Tuning characteristics of these neurons were similar to what is seen in
unimodal auditory neurons of primary auditory cortex. In summary, although frequency
tuning of auditory and multimodal neurons in Xmodal animals was largely intact, the
tonotopic map of auditory neurons was misconfigured. These results suggest that sound
discrimination may be impaired despite several months of recovery time. These findings
provide insight into how a particular brain area could reorganize to manage multiple
functions after brain damage, and provide further clues to understand how to encourage
rewiring and minimize miswiring in the context of compensatory plasticity after trauma.



Schizophrenic patients display abnormal neural responses in auditory
cortex to increasing rates of stimulation

Jordan P. Hamm'*, Casey S. Gilmore?, Brett A. Clementz®, Scott R. Spoonheim?® and
Natalie Picchetti*

! Departments of Psychology and Neuroscience, University of Georgia, Athens, USA
? Department of Psychology, University of Minnesota, Minneapolis, USA
$\VA Medical Center, Minneapolis, USA

Auditory information processing is abnormal in schizophrenia patients [1]. Two well
studied deficits involve amplitude reductions in 1) the n100m auditory-evoked field and 2)
the auditory steady-state response (aSSR). While the n100m indexes early stimulus
registration in secondary auditory cortices [2], the aSSR indexes a sustained ability of the
auditory system to coherently entrain to and oscillate with a repetitive stimulus [3].
Insufficient glutamatergic and GABAergic transmission are theorized to underlie
schizophrenia related abnormalities in these indices [4, 5, 6], and predict an abnormal
functional relationship between neural responses and increasing stimulus frequency. These
predictions have not been thoroughly investigated. Whole head magnetoencephalograms
(MEG) were recorded while schizophrenia and healthy subjects heard broadband noise
bursts amplitude modulated at 5, 20, 40, and 80 Hz. MEG data were co-registered with
magnetic resonance images (MRI), and minimum norm source estimates of evoked fields
were analysed in reconstructed individual brain space focusing exclusively on the neural
responses in left and right auditory cortices.

Comparisons of transient responses reveal that, relative to healthy subjects, patients
display: 1) reduced n100m amplitudes to 40Hz stimuli in both right and left auditory
cortices, and 2) a left hemisphere specific deficit in n100m amplitude across all stimulus
densities which exacerbates as frequency increases. Comparisons of steady-state responses
(Figure 2) reveal that schizophrenia subjects display: 1) normal entrainment to 20Hz
stimulation in both hemispheres, 2) reduced entrainment to 40Hz stimulation in right
hemisphere only, and 3) reduced entrainment to 80Hz stimulation in both hemispheres.
Overall, these results indicate that auditory processing deficits in schizophrenia are most
pronounced as stimulus density increases and show distinct patterns in left vs right auditory
cortices. Further, given ample time to develop the steady-state neural response (>500ms),
some auditory deficits can be compensated for (such as the entrained response to 80Hz
stimulation in right hemisphere), while other deficits appear to be resilient over time.

[1] Javitt DC. 2009. Annu Rev Clin Psychol. 5:249-75.

[2] Barth DS & Di S. 1991. Brain Res. 565. 109-15.

[3] Huchteon B & Yarom Y. 2000. Trends Neurosci. 23. 216-22.

[4] Kwon JS et al. 1999. Arch Gen Psychiatry. 56. 1001-5.

[5] Javitt DC et al. 1996. Int Rev Neurobiol. 78.69-108.

[6] Benes FM & Beretta S. 2001. Neuropsychopharmacology. 25. 1-27.



Voltage Sensitive Dye Imaging of Spatiotemporal Dynamics of
Somatosensory Cortex in the Rat Vibrissa Pathway

He Zheng"", Daniel Millard?, Clare Gollnick?, Qi Wang? and Garrett B. Stanley?

'Department of Bioengineering, Georgia Institute of Technology, Atlanta, USA
’Department of Biomedical Engineering, Georgia Institute of Technology and Emory
University, Atlanta, USA
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Intrinsic and Synaptic Dynamics have Separate Effects on Phase
Locking for Weakly Coupled Oscillators

Srisairam Achuthan'” and Carmen C. Canavier?

'Neuroscience Center of Excellence
?Dept. of Ophthalmology, LSU Health Sciences Center, New Orleans, USA

A phase resetting curve (PRC) tabulates the change in the cycle period of a neural
oscillator due to an arbitrary perturbation, and can be used to predict phase locking in
networks of oscillators. For weak coupling, the PRC can be estimated by convolving the
waveform of the perturbation with the infinitesimal PRC (iPRC). Two variants of this
approach have been proposed in the literature in which one uses the iPRC computed with
respect to small perturbations in current [1] and the other uses the iPRC computed with
respect to small perturbations in conductance [2] for synaptic inputs where the reversal
potential is a priori defined.

Perturbing the synaptic current produces a single iPRC that can be utilized for any
synaptic perturbation, regardless of the reversal potential. We find that perturbing the
synaptic conductance rather than the synaptic current produces an iPRC that separates the
intrinsic response to a particular type of perturbation from the dynamics of the
perturbation.

We will show that the iPRC with respect to conductance provides intuition regarding the
effects of perturbations of varying duration, particularly if the slope at the locking point
differs from that of the surrounding regions. On the other hand, the iPRC with respect to
current provides a different type of insight into the PRC for neural oscillators near a
saddle node bifurcation or a saddle node on an invariant circle bifurcation. In this case,
the sign of the iIPRC is mostly determined by the slope of the membrane potential
waveform. The PRCs for this type of oscillator can consist of both advances and delays if
the repolarizing phase of the action potential occupies a significant fraction of their cycle
length. Thus while the use of the two types of iPRC is formally equivalent, they provide
different types of insight into synchronization.

[1] Netoff et al., J. Comput. Neurosci., 2005, 18, 287-295.
[2] Preyer and Butera, Phys. Rev. Lett., 2005, 95, 138103.
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Navigating parameter space between bifurcations to preserve the duty
cycle of bursting activity

William Barnett', Martin Anquez? and Gennady Cymbalyuk?®®*

!Department of Biology, Georgia State University, USA
Department of Physics and Astronomy, Georgia State University, USA
*Neuroscience Institute, Georgia State University, USA

We study the leech heart interneuron, and our model simulates activity in a
pharmacologically reduced scenario. Central pattern generators control rhythmic activity
in many animals, and neurons in these circuits often conserve functional characteristics,
such as duty cycle, over a range of cycle periods. We present a mechanism through which
coregulation of the half activation voltage of two conductances in a model of the leech
heart interneuron maintains constant duty cycle over a wide range of cycle periods. These
currents are a non-inactivating potassium current (lx) and a hyperpolarization activated
current (I). The proportionality is conserved if the location of two bifurcations is taken
into account in coregulation: a saddle-node for periodic orbits and a saddle-node for
stationary states. If the shift of the half activation of Ik brings the system close to the
saddle-node for periodic orbits, the burst duration grows without bound. If the shift of the
half activation of Iy, brings the system close to the saddle-node for stationary states, the
interburst interval grows without bound. In both cases, the cycle period grows
proportionally to one over the square root of the control parameter. By varying the two
parameters together, the system approaches both bifurcations and burst duration and
interburst interval grow proportionally to one another. This mechanism of coregulation
maintains constant duty cycle over a threefold range of cycle periods. Supported by NSF
PHY-0750456.
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Dopamine modulates I, in a motor axon

Aleksander W. Ballo', Jennifer C. Keene', Patricia J. Troy", Marie L. Goeritz', Farzan
Nadim? and Dirk Bucher®”

! The Whitney Laboratory for Marine Bioscience and Department of Neuroscience,
University of Florida, St. Augustine, Florida, USA

2 Department of Mathematical Sciences, New Jersey Institute of Technology and
Department of Biological Sciences, Rutgers University, Newark, USA

We studied the axons of the pyloric dilator (PD) neurons in the stomatogastric nervous
system of the lobster. The several centimeters long portions of these axons in the motor
nerves depolarize in response to low concentrations of dopamine (DA) and exhibit
peripheral spike initiation in the absence of centrally generated activity. This effect is
inhibited by blockers of hyperpolarization-activated inward current (l,). Peripheral spike
initiation was also elicited by D1-type receptor agonists and drugs that increase CAMP.
This suggests that DA acts through a D1-type receptor mechanism to modulate
hyperpolarization-activated cyclic nucleotide-gated channels. We used two- electrode
voltage clamp of the axon to directly study the effect of DA on Iy. Surprisingly, DA
decreased the maximal conductance. However, due to a shift of the activation curve to
more depolarized potentials, and a change in the slope, conductance was increased at
biologically relevant membrane potentials. These changes were solely due to modulation
of Iy, as DA had no discernible effect when I, was blocked. In addition, they were not
induced by repeated activation and could be mimicked by application of drugs that
increase CAMP concentration. DA modulation of I, persisted when protein kinase A was
blocked and is therefore likely mediated by a phosphorylation-independent direct effect
of cCAMP on the ion channel. A computer model of the axon showed that the changes in
maximal conductance and voltage-dependence were not qualitatively affected by space
clamp problems. DA and I, contribute significantly to the temporal fidelity of axonal
conduction. When is I, blocked, the interspike interval structure of bursts traveling down
the axon is more severely changed between the STG and the nerve terminals than in
control saline, whereas DA modulation of I, increases temporal fidelity.
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Protease-activated receptor-1 (PAR1) function in memory formation and synaptic
plasticity

Antoine G. Almonte'*, Gavin R. Rumbaugh? and J. David Sweatt!

! Department of Neurobiology and Evelyn F. McKnight Brain Institute, University of Alabama at
Birmingham, Birmingham, USA
2 Department of Neuroscience, Scripps Florida, The Scripps Research Institute, Jupiter, USA

Protease-activated receptor-1 (PAR1) is a member of a family of G-protein coupled receptors
(GPCRs) that is activated by proteolytic cleavage of its amino terminus by serine proteases, such
as thrombin and plasmin. While previous work has shown that inhibiting PAR1 activation is
neuroprotective in models of ischemia, traumatic injury, and neurotoxicity, surprisingly little is
known about PAR1’s roles in normal brain function. Inthe CNS, PARL is expressed in the
amygdala and the hippocampus, which are two brain regions critical for memory formation.
Within the hippocampus, PARL1 is expressed predominantly in astrocytes. Mounting evidence
indicates that activation of certain G[1g-coupled GPCRs in astrocytes results in the release of
various neurotransmitters, a process which can modulate synaptic activity. Prior studies have
shown that PAR1 activity results in gliotransmission, which leads to activation of downstream
effectors known to influence memory formation. We have previously demonstrated that PAR1
knockout mice have impaired performance in passive avoidance and cued fear-conditioning
tasks, suggesting an important and specific role for PARL in memory formation. Here we report
that PAR1 knockout mice show decreased levels of long-term potentiation at Schaffer collateral-
CAL synapses, while having normal baseline synaptic transmission at these same inputs. These
data suggest that normal PAR1 function is important for glial-neuronal interactions subserving
learning and memory.
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Drosophila p38 MAP kinase controls lifespan and locomotor
coordination

Alysia Vrailas-Mortimer'? and Subhabrata Sanyal*?*

! Department of Cell Biology, Emory University, Atlanta, USA
2 Center for Behavioral Neuroscience, Atlanta, USA

Determining how the genetic elements that contribute to neurodegenerative disease
interact with environmental factors is imperative for our understanding of disease
causality and progression. For instance, a key environmental factor that has been
associated with Alzheimer’s disease, Parkinson’s disease, and ALS is oxidative stress,
which is mediated by a variety of signaling pathways. One such genetically determined
signaling pathway engaged by oxidative stress is the p38 MAP Kinase (p38K) cascade.
However, mechanistic understanding of how p38K and oxidative stress contribute to
neurodegenerative disease is sparse, due in part, to the complexity of the mammalian
genome. Therefore, in my studies | have generated and utilized mutations in the two p38
kinase genes in the simpler genetic model system, Drosophila. My results show that lack
of either p38Ka or p38Kb do not compromise viability, while complete loss of both is
lethal. However, a strongly hypomorphic combination of p38Kb and p38Ka mutations
results in decreased viability and a severely reduced lifespan. Interestingly, these defects
can be rescued by ubiquitous or muscle specific expression of wild type p38Kb, or by the
detoxifying enzyme SOD2. Furthermore, over expression of wild type p38Kb in muscles
or neurons confers lifespan extension suggesting that p38K controls aging in flies, by
regulating oxidative stress. Consistent with this, loss of p38K signaling results in age
dependent locomotor behavior defects. Finally, | observe strong genetic interaction
between p38K and parkin mutants. This, in addition to increased loss of dopaminergic
neurons in p38K mutant brains, suggests a role for p38K signaling in PD, and supports
the hypothesis that p38K signaling is a point of convergence for environmental stress and
genetic factors that predispose towards neurodegeneration.
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Properties of the M3-M4 intracellular loop of the GABA, receptor
revealed through site-directed mutagenesis

Kate O'Toole* and Andrew Jenkins
Graduate Program in Neuroscience, Emory University, Atlanta, USA

The y-amino butyric acid receptor type A (GABAAR) functions as a chemical to voltage
transducer in the central nervous system, converting inhibitory neurotransmitter signals to
changes in postsynaptic membrane potential. GABAAR is a member of the cys-loop
family of ligand-gated ion channels along with nAChR, GIyR, and 5-HT3R. GABAAR is
functionally hetero-pentameric and this study focuses on the most common synaptic
subunit arrangement of a.1:$2:a1:$2:y2s. Each subunit is comprised of a large
extracellular domain, four alpha helical transmembrane domains (M1-M4), and a variable
intracellular loop (IL) between M3 and M4. The current theory of ion permeation relies
on rings of charged residues contributed by each subunit that line the central pore and
interact with permeating anions. These residues are located in M2 and the extracellular
vestibule. Traditionally, the IL is thought to control channel function via interactions
with trafficking and scaffold proteins. However, a partial structure of NAChR [1] shows
an intracellular vestibule which may also contribute a portion of the permeation pathway.
Therefore, we performed a site-directed mutagenesis scan assaying individual a1 IL
charge switch mutations for GABA concentration response properties, ion selectivity, and
properties of the current-voltage relationship. Results show a definite role for IL charged
residues in controlling anion permeation. Mutagenesis produced significant changes in
GABA apparent affinity, current magnitude, ion selectivity, rectification, and hysteresis
of channel activation. These properties are regionally localized, which suggests different
critical roles for subdomains of the IL. Overall, these findings show that the intracellular
loop of the a1 subunit of GABAAR does contribute to the functional properties of channel
activity.

[1] Unwin. 2005. J Mol Biol, 346, 967-89
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Is categorizing objects in natural contexts achievable?

Xiaofu He'*, Joe Tsien'?, and Zhiyong Yang"®

'Brain and Behavior Discovery Institute, Medical College of Georgia, Augusta, USA
Department of Neurology, Medical College of Georgia, Augusta, USA
3Department of Ophthalmology, Medical College of Georgia, Augusta, USA

Humans can recognize and categorize objects in complex natural scenes within
100-200 ms. This amazing ability of rapid categorization has motivated several
models of natural vision and object recognition. A common feature of these models is
that a large set of image features are extracted and decision rules are trained to
categorize objects in complex contexts (e.g., scenes in which cars are present vs.
scenes in which animals are present). The conclusion of these models is rather
far-reaching: humans achieve rapid categorization in a way similar to these models.
Since understanding the computations underlying rapid categorization is important for
achieving natural vision, we have re-examined several of these models. In particular,
we trained the models and tested them with scenes in which the objects to be
categorized were replaced with uniform ellipses. We found that the models
categorized most of the scenes with ellipses as having the objects. Therefore, these
models do not categorize objects but rather the contexts in which the objects are
imbedded and thus provide little clue on how humans achieve rapid categorization.
To overcome this impasse, we proposed a statistical framework of rapid
categorization in natural scenes. Natural visual scenes consist of objects of various
physical properties that are arranged in three dimensional space in a variety of ways.
When projected onto the retina, visual scenes entail highly structured statistics,
occurring over the full range of natural variations in the world. Instantiating these
highly structured statistics is a paramount requirement for natural vision. Therefore, in
this framework, instead of image features, we use statistical models of objects and
scenes and represent scenes and objects as hierarchically organized, structured
probability distributions. Object recognition/categorization is performed as statistical
inference. We tested this framework on several large datasets. After trained on fully
labeled scenes, the framework generates great performance on object
recognition/categorization both in isolation and in natural scenes and thus achieves
rapid categorization in natural contexts. These results suggest that natural vision
operates as a statistical machine on a large set of hierarchically organized, structured
probability distributions of natural scenes and objects. The neural mechanisms
underlying this fast, efficient, large-scale statistical inference remain to be discovered.
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Operation span capacity and attentional modulation during the antisaccade
task: An EEG study

Lauren E. Ethridge*, Gregory J. Spillers, Nash Unsworth, Brett A. Clementz
Departments of Psychology and Neuroscience, University of Georgia, USA

Performance on measures of cognitive control (e.g., working memory span tasks) predicts
behavior on measures of a variety of complex cognitive operations, including reading
comprehension [1], and performance on the Stroop [2] and antisaccade tasks [3,4]. Lowered
performance on these measures may indicate failure to maintain a task goal, or failure in top-
down control [5], however this theory has yet to be directly tested. In this study, participants
completed an operation span task in which they were required to alternate between memorizing a
string of letters and solving math problems. Participants scoring in the extremes (high and low
span) then completed a prosaccade and antisaccade task while having their neural activity
recorded with dense-array EEG. Previous work has shown that individuals with poor working
memory capacity demonstrate poorer performance on the antisaccade task [3,4]. Prosaccade and
antisaccade tasks require differing levels of top-down attentional control. Accurate performance
on the antisaccade tasks requires ability to maintain a goal state to inhibit the prepotent response
to make a saccade toward the cue and instead make a saccade to the mirror image location of that
cue. Fast and efficient performance in the pro- and antisaccade tasks necessitates modulation of
attentional mechanisms according to task demands. Stimuli for the saccade task consisted of 3
flickering checkerboards which oscillated at unique frequencies. Data were analyzed with
complex demodulation, which yields power of oscillatory biosignals as a function of time for
frequencies of interest. Measures of single trial power for neural activation to the central
stimulus suggest that individuals scoring in the high operation span range exhibit good top-down
control and are able to modulate their attention according to task demands (higher power to
central stimulus during the antisaccade task than in the prosaccade task) while individuals
scoring in the low operation span range show a failure of top-down attentional modulation to
variations in task demand. This study provides a complement to previous behavioral work in that
it gives a direct measure of top-down control as a function of working memory capacity.

[1] Daneman & Carpenter. 1980. Journal of Verbal Learning and Verbal Behavior, 19, 450-466.
[2] Kane & Engle. 2003. Journal of Experimental Psychology: General, 132, 47-70.

[3] Kane et al. 2001. Journal of Experimental Psychology: General, 130,169-183.

[4] Unsworth et al. 2004. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 30, 1302-1321.

[5] Sobel et al. 2007. Psychonomic Bulletin & Review, 14(5) ,840-845.
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Differential degree of learning induced plasticity in primate lateral
prefrontal cortex (IPFC) during auditory working memory task

Hyun Sug Kang'", Christos Constantinidis?, Elsie Spingath®, Thane K. Plummer?, Jon
Isaac, Jonathan M. Crawford*, David T. Blake!

! Brain and Behavior Discovery Institute, Medical College of Georgia, Augusta, USA
2 Department of Neurobiology and Anatomy, Wake Forest University School of
Medicine, Winston-Salem, USA

The sensory cortex has shown that learning causes a non-transient increase in cortical
response strength to the target stimulus, and differential degrees of cortical strength have
been observed throughout learning progression. The current study investigates the
learning-induced plasticity in the primate lateral prefrontal cortex (IPFC) in response to
various task demands. We studied these issues using chronic cortical implants, allowing
continued recordings over a period of months. The implants have 64 electrodes, each of
which can be vertically positioned independently. The cortical implant was surgically
placed lateral to the principal sulcus, sampling a 4x4-mm surface area. Single unit &
multiunit recordings were sampled from more than 40 electrodes daily. As a control
plasticity study, broad responses to acoustic stimuli were first collected before any
behavioral training. We observed few responses to tone stimuli and macaque vocal calls
during passive listening and before training. Animals were subsequently trained to hold a
lever for 2 to 3 seconds while task-irrelevant tone stimuli were added at random times
during the trial. Still, no tone-evoked action potential responses were observed, although
task-evoked activity related to the press & release of the lever was observed. Then,
shaping was initiated in a working memory task requiring the comparison of two stimuli
presented in sequence with an intervening delay period. The animals then trained to
perform the working memory task with a variety of intervening delays (1600ms, 800ms,
400ms). When the tonal stimuli became task-contingent and were delivered at
predictable times during the lever-hold, IPFC neuronal responses were greatly elevated
during the presentation of acoustic sound stimuli on some sessions, but not on others.
The same sites could show acoustically-driven responses or not on the following days,
with no apparent change in the recording quality. We also observed a degree of IPFC
response strength where the high variance of firing rate correlated with a longer delay
between the stimuli. Our results demonstrate that learning induced-plasticity is evident
by the presence of tone-evoked responses only after behavioral training, and differential
recruitment of the IPFC is dependant on the level of cognitive procedure.
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Neural activation for identifying matching versus mismatching tool-
object pairs

J.C. Mizelle and L.A. Wheaton*
Georgia Institute of Technology, Atlanta, USA

Knowledge of relationships between objects in our environment is a critical aspect of our
daily lives. Tool use is an example which requires understanding the functional
relationship of a tool (e.g. key) with its associated object (e.g. lock). Because the
mechanisms of this pairing process remain unclear, we recorded 64-channel
electroencephalography to determine the neural correlates of identification of tool-object
matches and mismatches. Subjects (n=15) were shown a target tool (S1t, e.g. spoon) later
paired with an object (S2t) that was either a conceptual match (e.g. bowl) or mismatch
(e.g. wood). To verify that activity was not related to general concept of match-mismatch,
in a second condition subjects saw non-tool environmental items (Sle, e.g. bird) later
paired with a (S2e) conceptual match (e.g. nest) or mismatch (e.g. spider web). Analysis
was focused on time bins after each picture, using standardized low-resolution brain
electromagnetic tomography (SLORETA). The S1t showed significantly greater
activation than Sle across widespread occipital, posterior parietal and temporal cortex.
Tool-object match versus mismatch revealed significant differences in the posterior
cingulate, precuneus, left insula and superior temporal gyrus (STG). These patterns were
not present for environmental match versus mismatch, which showed bilateral activation
differences, and involvement of anterior frontal areas. This work defines a specific
network in comprehending tool-based pairings, but not extensive to other pairings. The
posterior cingulate, precuneus, insula and STG preferentially differentiates tool-object
matching and mismatching, identifying a potential locus related to impairments in
comprehending appropriate and inappropriate tool-object relationships that arise after
neural injury.
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Organization and function of lateral line afferent neurons in larval
zebrafish

James C. Liao®", Joseph R. Fetcho?

! Whitney Lab for Marine Bioscience, Department of Biology, University of Florida,
Gainesville, USA
2 Cornell University, Department of Neurobiology and Behavior, Ithaca, USA

Afferent neurons of the zebrafish posterior lateral line relay hydrodynamic signals sensed
along the body to the hindbrain. We labeled individual neurons to reveal their
connections to single and multiple neuromasts along the body. Electroporation of Alexa
647 in HUC-Kaede fish, a transgenic line expressing a photo-convertible protein under
control of a pan-neuronal promotor, indicates that single and multiple-neuromast afferent
neurons correspond to later and early-born cells, respectively. We normalized ganglion
area across individuals and plotted position of afferent neurons to show that early-born
cells are located centrally in the ganglion, with newly developing cells added to the
periphery. Whole-cell recordings of afferent neurons show an inverse relationship
between soma area and input resistance, where input resistance is a proxy for excitability.
Taken together, a picture is emerging that large, early-born cells are less excitable and
may therefore fire only to strong hydrodynamic stimuli across the whole body, while
small, later-born cells that are more excitable sense local flows. We hypothesize that
large, coarse coding afferents innervating multiple hair cells are critical for initiating
powerful escape responses while small, fine coding afferents are responsible for
modulating routine motor behaviors such as swimming.
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Synaptic properties predict individual susceptibility to and recovery
from lesion of a central pattern generator

Akira Sakurai* and Paul Katz
Neuroscience Institute, Georgia State University, USA

Motor patterns produced by central pattern generator (CPG) circuits can be similar
among individuals despite individual variability in the cellular and synaptic properties of
the CPG neurons. This has led to the idea that homeostatic mechanisms maintain network
function in the face of varying cellular and synaptic properties. Such network flexibility
may also play a role in adaptive responses to neural injury. Here we found that there was
significant animal-to-animal variability in the synaptic properties between the CPG
neurons. This variability does not seem to have functional consequences for normal
network function but correlates well with susceptibility to and recovery from the lesion of
the CPG circuit.

The system we study is the CPG for the escape swim of the mollusc Tritonia diomedea.
The CPG consists of three neuronal types: VSI, C2, and DSI, all of which project axons
in the pedal-pedal commissure (PPC) and make functional connections in both pedal
ganglia. We have previously shown that C2 excites VSI in the pedal ganglion distal to the
VSI soma, evoking antidromic spikes that travel in the PPC. Cutting the PPC impairs the
swim behavior, possibly by disconnecting the C2-evoked excitation of VSI in the distal
pedal ganglion. In the proximal pedal ganglion C2 produces a biphasic synaptic potential
in VSI with a weak excitation followed by a stronger inhibition.

In this study, we found that individual animals varied in the extent to which the proximal
site was excitatory. Furthermore, there was an inverse correlation between the magnitude
of excitation in the proximal pedal ganglion and the extent to which the swim was
disrupted by the PPC lesion; the larger the excitatory component, the less the impairment.
Within 20 hours of the PPC lesion, the swim motor pattern functionally recovered as
determined by the number of burst cycles, but the extent of recovery was variable among
preparations. The excitatory component of the C2-evoked response increased in parallel
to the recovery, but the extent of recovery was better correlated with the amplitude of the
synaptic potential evoked by stimulating both C2 and DSI together. DSI is known to
evoke serotonergic neuromodulatory actions within the CPG and is co-active with C2
during a swim motor pattern. This suggests that serotonergic mechanisms may also be
involved in the network reorganization after injury. Thus, individual variability in
specific synaptic actions reflects the relative susceptibility of the CPG to injury, whereas
its recovery is correlated more with the extent to which the network functions as a whole.
Although the cellular mechanisms underlying this synaptic change are not known, further
study may provide insight into mechanisms of adaptive plasticity that are applicable to
other neural circuits.
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Two modalities of bursting in inspiratory pacemakers: an integrative
model

Natalia Toporikova™ and Robert Butera

Laboratory for Neuroengineering and School of Electrical and Computer Engineering,
Georgia Institute of Technology, Atlanta, USA

The respiratory rhythm, generated by the network of inspiratory neurons in the pre-
Botzinger complex (pBC), has two, seemingly contradictive properties. It is robust and
persists under highly variable neuronal input and, at the same time, it is easily adjusted to
metabolic demand and environmental conditions. Even when isolated form the network,
inspiratory pacemakers generate a stable bursting with intrinsic mechanisms dependent
on either a persistent sodium current or changes in intracellular Ca®*. Motivated by these
experimental evidences, we present a two-compartmental mathematical model of the
pBC pacemaker with two independent bursting mechanisms. The somatic compartment
has a bursting based on inactivation of a persistent sodium current, and the dendritic
compartment relies of Ca?* oscillations. The model explains a number of contradictive
experimental results and is able to generate a robust bursting rhythm, over a large range
of parameters with a frequency easily adjusted by neuromodulators.
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Brain activity and network in self-generated and externally driven metronome
rhythms

Bhim M Adhikari**, Kristen Quinn®, Joshua A. Ehrenberg?, Charles Epstein? and Mukeshwar
Dhamala®

!Department of Physics and Astronomy, Georgia State University, Atlanta, USA
“Department of Neurology, Emory University, Atlanta, USA

Self-paced and external metronome-driven movement rhythms are everyday phenomena: tapping,
clapping, dancing and beating drums with or without explicit external sensory cues are some of the
examples. We are not only capable of creating but also maintaining and changing these coordinated
movements. Past neuroimaging studies have shown a distributed network of brain areas is involved in
movement rhythms. How the brain achieves precise timing and what patterns of brain network are at
work in complex rhythmic movements are not completely understood. Using rhythmic finger-tapping
tasks with and without external mentronomes, we conducted neuroimaging experiments to look at the
brain activity and brain functional network in movement rhythms. We found that, in self-paced
rhythms, the rhythm complexity, defined based on the patterns of movement timing, modulated the
brain activity in the cerebellum- thalamus- basal ganglia network. In external metronome-driven
rhythms, we identified the brain areas associated with synchronization and variable rhythm rates. A
decreasing rate of rhythms recruited more brain resources than an increasing rate. These results provide
more comprehensive understanding of the brain origin of movement rhythms.
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Sensory mechanisms of chemical deterrence by sea hare ink against predatory
blue crabs

J. F. Aggio* and Charles D. Derby
Neuroscience Institute, Georgia State University, Atlanta, USA

The sea hare Aplysia californica releases a purple ink when attacked by predators, and this ink is
a powerful feeding deterrent against the blue crab Callinectes sapidus. This deterrence is
expressed either by rejection of food or an increase in the time the animals handle the food with
their mouthparts before ingesting. Towards understanding the mechanism of this chemical
deterrence, we used behavioral and electrophysiological techniques to identify the location and
characterize the sensitivity of the chemoreceptors responsible for ink deterrence. Using selective
ablation of mouthparts and behavioral assays, we showed that the chemoreceptors mediating
deterrence are not located on the legs or restricted to a specific mouthpart. We then focused our
electrophysiological efforts to record single-unit responses from mouthpart chemoreceptor
neurons using as a chemical deterrent a fraction of ink highly enriched in aplysioviolin and
phycoerythrobilin (= APV-PEB fraction). Our results indicate that there is not a population of
cells specific for these chemical deterrents. Single-unit chemoreceptor responses are neither
intense nor specific to this fraction; instead APV-PEB evokes a unique across fiber pattern of
activity. Additionally, cross-adaptation experiments revealed no effect of the APV-PEB fraction
on the responses of mouthpart chemoreceptors to other chemical stimuli. We conclude that the
deterrent effect of APV-PEB is mediated, at least partially, through chemoreceptor neurons in the
mouthparts that encode these signals not via deterrent-specific neurons but through a distributed
neural code. Funded by NSF IBN-0614685.
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I, modulation of neocortical network activity is altered in a model of
cortical dysplasia

Asher J. Albertson and John J. Hablitz*
Department of Neurobiology, University of Alabama at Birmingham

Cortical dysplasia is commonly observed in cases of epilepsy. Epilepsies associated with
dysplasia are often resistant to anti-epileptic drug treatment. Freeze lesions during the
early post-natal period in rats have been extensively used as a model of cortical dysplasia.
These lesions reproduce many of the anatomical and electrophysiological characteristics
of human focal cortical dysplasia including a region of hyperexcitability surrounding the
malformation. Furthermore, animals with freeze-lesions have a reduced seizure
threshold. The mechanisms behind hyperexcitability in cortical dysplasia are poorly
understood. Iy is a non-specific cation current which activates upon membrane
hyperpolarization. This current is mediated by hyperpolarization activated non-specific
cation (HCN) channels. Alterations in I, have been implicated in epilepsy. HCN
channels are predominantly present in the apical dendrites of pyramidal neurons and have
been strongly implicated in modulation of synaptic inputs. Loss of I leads to an increase
in intrinsic excitability while enhanced I, reduces excitability. Additionally, the anti-
epileptic drug lamotrigine works via enhancement of I,. We hypothesized that the role of
I in intrinsic excitability of individual cells translates to an effect on network activity
within the neocortex. We also hypothesized that this effect would be altered in the freeze
lesion model of cortical dysplasia. Using voltage sensitive dye imaging, we have shown
that Iy blockade increases the duration of cortical network activity. In contrast, I,
enhancement with the antiepileptic drug lamotrigine decreases the spread of activity
across the cortex. Voltage sensitive dye imaging also revealed increased spread and
amplitude of activity in the area near the freeze lesion. Dysplastic cortex also showed a
reduced response to lamotrigine. These results suggest that I, normally modulates
network activity in the neocortex. This modulation is altered in cortical dysplasia.
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Rod photoreceptor number is regulated by the locus lots-of-rods-junior
(Irj) in the zebrafish retina

Karen Alvarez-Delfin'*, Jason R. Willer?, Mailin Sotolongo-Lopez* and James M.
Fadool*

!Biological Science Department, Florida State University, USA
2 Department of Biochemistry and Molecular Biology, University of Louisville, USA

We are interested in the patterning and development of the vertebrate retina, and use the
zebrafish (Danio rerio) embryo as a model. We have undertaken a large-scale genetics
screen to identify mutations that alter photoreceptor cell number and mosaic pattern in
free-swimming larvae. The locus lots-of-rods-junior (ljr) was identified in a screen of
chemically mutagenized zebrafish. This study focuses on the characterization of the Ijr
mutant phenotype and the identification of the mutant gene.

The number and distribution of the cones, rods, and most retinal cells in wild-type and ljr
mutant larvae were analyzed in inmmunolabeled retinal sections. Cell cycle was
examined by phospho-histone 3 (PH3) immunolabeling and BrdU incorporation in
mutants and wild-types. Chromosome linkage was assigned using SSLP markers. The
generation of high-resolution mapping was performed by generating additional
polymorphic markers in the mutation interval. Cell autonomy was assayed by generating
genetic chimeras by blastula cell transplants.

ljr was identified by a four-fold increase in the number of rods at 4 dpf, when compared
to wild-type siblings. Others photoreceptor and retinal cell types seem unaffected and no
other morphologic alterations are evident in ljr homozygous mutant larvae or adults.
PH3 immunolabeling and BrdU incorporation at different time-points do not reveal
alteration in the mutants. Irj complemented lor, consistent with a mutation in a different
locus. Linkage analysis positioned the ljr locus within a 0.5-Mb interval on chromosome
7. In genetics chimeras, ljr mutant cells fail to produce the increased number of rods
phenotype in a wild-type host, suggesting a non-cell-autonomous function of the gene.
This study validates the power of screening for alterations in photoreceptor patterning to
uncover genes related to photoreceptor development. Irj is the second locus identified in
zebrafish, after lor, which display an alteration in the photoreceptor cell number without
cell death. Future investigations will comprise the fine mapping to identify the loci
mutated in ljr.
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The Effects of Maternal Depression during Pregnancy on the
Neurodevelopment of Social Cognition in Kindergarten-Aged Children

Amy Anderson-Zose'”, Anjana Muralidharan® 3, Opal Ousley* 2, Zachary Stowe, D. Jeffery
Newport®, Tim Ely* and Clinton Kilts*

! Department of Psychiatry and Behavioral Sciences, Emory University, Atlanta, USA
2 Emory Autism Center, Emory University, Atlanta, USA
3 Department of Psychology, Emory University, Atlanta, USA

Children exposed to prenatal maternal depression have increased risk for anxiety, depression,
and other developmental and affective problems. The specific impact of prenatal maternal
depression on the neurodevelopmental processes that underlie this risk remains poorly
characterized. | explored the behavioral and neurodevelopmental trajectories of these children to
test the overarching hypothesis that prenatal maternal depression represents a
neurodevelopmental teratogen that disrupts child emotional, social and cognitive development
and thus confers risk for psychological and developmental problems later in the child’s life.

In collaboration with the Emory Women’s Mental Health Program, | identified ~50 children
whose mothers’ depression severity and medication were monitored during pregnancy and in the
post-partum period. | used functional magnetic resonance imaging (fMRI) during a joint
attention task to define the neurodevelopment of social cognition for 4.5-6 year old offspring of
these mothers. Offspring were categorized by the severity and gestational timing of prenatal
maternal depression, based on 4-16 separate clinical interviews during pregnancy. Current
clinical status and behavior of the offspring are measured via parent questionnaires and a clinical
interview with the mother.

To date, we have collected and analyzed complete fMRI and behavioral data for ten children
(ages 58-78 months, 4 boys/6 girls, 5 low/5 high depression). The preliminary task-related neural
responses were consistent with the children’s processing of social signals and affect regulation
(VvACC/subgenual ACC), effortful control of joint attention (right IFC, pSTS), and the processing
of happy facial expressions (right fusiform gyrus, dmPFC). All results are shown at p < 0.005, k
> 5 voxels and were not significantly changed when age and 1Q were controlled for. In addition,
a regression analysis of the impact of the severity of prenatal maternal depression on task-related
neural responses indicated that a more severe prenatal burden of MDD was associated with lesser
right dIPFC response to cognitive interference in the joint attention task in offspring (p < 0.01, k
> 5 voxels). The results of these regressions with individual prenatal maternal MDD severity
were unaffected after adjusting for differences in child age or 1Q. However, task performance
(reaction times) was not related to maternal depression burden. In addition, emotional, social,
and behavior problems from the behavioral questionnaires were not correlated with maternal
depression burden.

While preliminary, these results suggest that prenatal maternal depression dramatically
compromises the childhood maturation of self-regulatory functions of the dIPFC. This
neurological deficit is not manifested in task performance or current child behavior, thus it may
represent a plausible neurodevelopmental risk factor for future psychological and developmental
problems seen in children exposed to maternal depression during pregnancy. This demonstrates
the importance of identifying biological markers of risk, which may appear developmentally
prior to observable symptoms.
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Analysis of GIuR1 expression in Basigin null mouse brains

Gerard Ardoin and Judith D. Ochrietor*

Department of Biology, University of North Florida, Jacksonville, USA

Basigin null mice are characterized as having learning and memory deficiencies, as well
as other neurological abnormalities. GIuR1 is a member of the glutamate-gated ion
channel family and functions as a subunit of AMPA receptors, which are involved in
long-term potentiation. The purpose of this study was to examine membrane-expression
of GIuR1 in Basigin null mice and littermate controls. Enzyme Linked Immunosorbent
Assays (ELISAs) were performed on detergent lysates from normal and Basigin null
mouse brains using an antibody specific for GIuR1. It was determined that membrane-
associated expression of GIuR1 in Basigin null mouse samples was similar to that of the
controls. The data suggest that synaptic plasticity mediated via AMPA receptors is not
impaired in Basigin null mouse brains. Future studies will examine other molecular
components of synaptic plasticity in Basigin null mouse brains in an attempt to determine
the mechanism underlying the learning and memory deficiencies observed in those
animals.
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Inducible Deletion of Amygdalar Glucocorticoid Receptor to Examine

Early-Life Stress-Induced Anxiety and Depression

Melinda Arnett* and Louis Muglia

Department of Pediatrics, Vanderbilt University

Stress experienced in early life leads to sustained changes in gene expression and
behavior, making people less able to cope with stress and more vulnerable to anxiety and
depression later in life. The mechanisms by which early-life stress can lead to the
development of these major mood disorders remains unknown. An important component
of the stress response is mediated through stress hormones (glucocorticoids) binding to
the glucocorticoid receptor (GR). GRs are ubiquitously expressed throughout the brain,
displaying higher expression in a number of important limbic areas, including the central
nucleus of the amygdala (CeA), a key nodal forebrain structure for integrating behavioral
responses to stress. Moreover, glucocorticoid activity in the CeA has been implicated in
mediating a positive feedback loop that potentiates heightened stress reactivity. The
objective of this proposal is to elucidate the role of CeA GR activity in the etiology of
anxiety and depression fostered through ELS as a novel therapeutic target to remedy
these major mood disorders. We hypothesize that CeA GR-dependent mechanisms are
critical links between early-life adversity and the subsequent development of anxiety and
depression that persist over the lifespan. The proposed studies utilize a novel model of
selective GR deletion in the CeA to determine if CeA GR signaling is required for
maintenance of the maladaptive stress response resulting from early-life adversity. To
mimic early-life stress, mice will undergo maternal separation for 3 hours/day during the
first 2 weeks of postnatal life. GR expression is then deleted by injecting lentiviral
vectors containing Cre-recombinase into the CeA of floxed-GR mice in a 2x2 design (+/-
GR and +/- maternal separation). To determine if loss of CeA GR signaling can reverse
the persistent negative effects of early-life stress, mice will perform a series of behavioral
tests thought to correspond to human depression (e.g. tail suspension and forced swim
tests) and anxiety (e.g. the open-field test, novel object recognition test and elevated-zero
maze). The physiological effects of disrupting CeA GR activity will be quantified by
measuring plasma levels of corticosterone, the principle glucocorticoid in mice. The
results of our planned studies on the role of GR function in the amygdala hold promise
for new insights into the molecular mechanisms regulating the stress response.
Ultimately, our efforts aim to further the understanding of neural circuits relevant for
anxiety and depression and promote development of novel therapeutic approaches for
treatment of these major health disorders.
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Nitric oxide synthase controls spontaneous firing activity and growth
cone morphology via upregulation of a persistent sodium current

Liana Artinian*, Julia Eidelman, Vincent Rehder
Biology Department, Georgia State University, Atlanta, USA

Nitric oxide (NO) is a gaseous molecule that controls neuronal electrical activity. We
found that the NO-producing enzyme, nitric oxide synthase (NOS), controls the intrinsic
neuronal activity of identified buccal neuron B5 of the pond snail Helisoma trivolvis via
the selective modulation of ion channels. NOS is expressed in a small number of buccal
neurons, including B5 neurons. Mature B5 neurons that have been grown in culture for 2-
3 days and that have developed distinct neurites tipped with growth cones exhibit
spontaneus tonic firing activity. This firing activity is under the control of intrinsic
activity of NOS, as pharmacological inhibition of intrinsic NOS activity blocks
spontaneous spiking. The spontaneous firing activity requires the presence of
depolarizing currents that bring the membrane potential to the action potential threshold.
We found that one such depolarizing current, a persistent sodium current (PNaC), is
expressed in mature B5 neurons, and riluzole, a specific inhibitor of PNaC blocks the
spontaneous firing activity. Moreover, NOS inhibitors also block the PNaC. Thus,
intrinsic activity of NOS is necessary for the spontaneus tonic action potentials in B5
neurons. Interestingly, PNaC is developmentally regulated, because it is not found in
immature cultured B5 neurons. The inhibition of intrinsic NOS activity by NOS
inhibitors and treatment of neurons with HeliNOS RNA. both result in a reduction in the
size of growth cones. Riluzole also decreases the size of B5 growth cones, suggesting that
intrinsic NO acts through PNaC to regulate growth cone morphology. Thus, the intrinsic
activity of NOS controls the spontaneous tonic firing actvity and growth cone
morphology via upregulation of a PNaC in B5 neurons.
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Gene expression in hypothalamus, liver and adipose tissues and feed
intake response to melanocortin-4 receptor (MC4R) agonist in pigs
expressing (MC4R) mutations

C. Richard Barb'", Gary J. Hausman®, Romdhane Rekaya?, Clay A. Lents®, Sender
Lkhagvadorj®*, L. Qu*, W. Cai®, Oliver P. Couture®, Lloyd L. Anderson®, Jack C.M.
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Transcriptional profiling was used to identify genes and pathways that responded to
intracerebroventricular (ICV) injection of melanocortin-4 receptor (MC4R) agonist,
NDP-MSH, in pigs homozygous for the missense mutation in the MC4R, D298 allele (n
=12), N298 allele (n = 12) or heterozygous (n = 12). Feed intake (FI) was measured at 12
and 24 hr after treatment. All pigs were sacrificed at 24 hr after treament and
hypothalamus, liver and backfat tissue was collected. NDP-MSH suppressed (P < 0.004)
Fl at 12 and 24 hr in all animals after treatment. In response to NDP-MSH, 278 genes in
hypothalamus (g < 0.07, P <0.001), 249 genes in liver (g <0.07, P <0.001) and 5066
genes in fat (q < 0.07, P <0.015) were differentially expressed. Pathway analysis of
NDP-MSH-induced differentially expressed genes indicated that genes involved in cell
communication, nucleotide metabolism, and signal transduction were prominently down-
regulated in the hypothalamus. In both liver and adipose tissue, energy-intensive
biosynthetic and catabolic processes were down-regulated in response to NDP-MSH.
This included genes encoding for biosynthetic pathways such as steroid and lipid
biosynthesis, fatty acid synthesis, and amino acid synthesis. Genes involved in direct
energy-generating processes, such as oxidative phosphorylation, electron transport, ATP
synthesis were up-regulated, whereas TCA associated genes, were prominently down-
regulated in NDP-MSH treated pigs. Our data also indicate a metabolic switch toward
energy conservation since genes involved in energy-intensive biosynthetic and catabolic
processes were down-regulated in NDP-MSH treated pigs.
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Manipulation of the prairie vole genome

Catherine Barrett****, Zoe Donaldson®, Shang-Hsun Yang, Anthony W.S. Chan*?*,
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Prairie voles’ (Microtus ochrogaster) rich sociosexual repertoire of behavior
Characterized by lifelong social attachments and biparental care make them ideal model
organisms for studying the genetic and neurobiological mechanism regulating behavior.
Molecular mechanisms mediating this social organization may shed light on social
behavioral disorders such as autism and schizophrenia. However, the field is limited in its
understanding of the mechanistic control of social behavior as no routine transgenic
manipulations exist for nontraditional organisms. Our lab has recently created a line of
voles expressing a GFP transgene, and we are beginning to extend this technology to
more detailed research of behavioral genetics. Here we present our preliminary attempts
at generating transgenic voles with altered vasopressin (\V1a) receptor expression using
RNA interference, in which short hairpin RNAs chosen based on their knockdown
efficacy in vitro are inserted into the genome of single-cell embryos using lentiviral
vector gene transfer. This manipulation will allow us to investigate the causal relationship
between V1a receptor expression and social behavioral outcomes. Methods, preliminary
results, and potential complications of in vivo ShRNA expression are discussed. The
ability to manipulate the genome of prairie voles will open the door for a wide variety of
investigations using nontraditional organisms chosen based on their relevance to specific
behavioral questions rather than their ease of study.
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Perceived sense of effort and dual-task performance for fluent and

nonfluent individuals with a
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Attention deficits in aphasia have been explained as an inability to appropriately allocate
attentional resources, or a reduction in available resources [1]. Inaccurate sense of effort
(SOE) has also been speculated as a source for decreased performance on divided
attention tasks, as SOE reflects, and may influence, the amount of cognitive resources

expended [2, 3].

While it is thought that the attention deficits are due to damage of a “common” attention
network [4], there is little information regarding how aphasia type influences perceived
task demand and subsequent performance. IWA (fluent=4, nonfluent=3) were assessed
for SOE on a dual-task procedure (card sorting with tone identification) [5]. Results
(Figures 1 and 2) indicate significant group differences in the mean percentage of tones
identified correctly. Nonfluent individuals demonstrated greater performance [F (1, 5) =
16.15, p = 0.01, n* = 0.764], M= 87.52% (nonfluent), 38.10% (fluent). There were no

other significant group differences.

Findings suggest that task evaluation and attention allocation may differ between fluent
and nonfluent IWA. Results conflict with previous findings of similar performance
between aphasia type [4]. It is possible that the attention system is in fact disrupted
differently in individuals with fluent and nonfluent aphasia, or that perception of task

demand influences dual-task performance differently in these populations.
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Figure 2.

[1] McNeil et al. 1991. Clinical Aphasiology, 20, 21-39.
[2] Murray et al. 1997a. Aphasiology, 11, 401-404.

[3] Clark & Robin. 1995. American Journal of Speech-Language Pathology, 4, 143-147.
[4] Murray et al. 1997b. Journal of Speech, Language, & Hearing Research, 40, 792-808.
[5] Erickson et al. 1996. Brain and Cognition, 30, 244-253.
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Investigating Roles of LRRK2: Neurite Outgrowth and Filopodia in
Midbrain Dopamine Primary Neurons

Joel E. Beevers, Bahareh Behrouz, Justus C. Daechsel, Mei Yue, Heather L. Melrose and
Matthew J. Farrer”

Department of Neuroscience, Mayo Clinic, Jacksonville, USA

Amongst several currently identified genes that contribute to Parkinson’s disease (PD),
mutations in the leucine-rich repeat kinase 2 gene (LRRK2) are the most commonly
known cause of autosomal dominant PD. LRRK2 encodes a multi-domain protein
consisting of a leucine-rich repeat domain, Ras in complex proteins (ROC) domain, C-
terminal of ROC (COR) domain, a kinase domain related to mitogen-activated protein
kinase kinase kinases (MAPKKKSs) and a WDA40 protein interaction domain. The G2019S
mutation in the kinase domain is the most prevalent mutation in LRRK2 in both familial
and sporadic cases. Current literature suggests this is a gain-of-function mutation
resulting in higher kinase activity.

Using LRRK2 G2019S Knock In (K1) mice and murine LRRK2 Knock Out (KO) mice,
we investigated the role of endogenous Lrrk2 and the effect of the G2019S mutation on
neurite outgrowth in tyrosine-hydroxylase positive midbrain primary cultures. We
observed an increase in total neurite outgrowth in KO midbrain dopamine neurons
compared to those from their heterozygous (HT) littermates possessing one copy of the
LRRK2 gene. In KI primary cultures however we observed no difference in neurite
outgrowth between homozygous Kl and wild-type (WT) midbrain dopamine neurons.

A study of the more subtle phenotype of dendritic filopodia in primary cultures showed
an increase in the number of filopodia in KO midbrain dopamine neurons compared to
WT neurons, whilst KI cultures exhibited a decrease in filopodia numbers compared to
WT neurons. These studies suggest that regulation of dendritic filopodia and branches is
an inherent function of Lrrk2. Further, these studies support that a pathogenic mutation in
Lrrk2 increases this negative regulation of process and filopodia formation, lending
support to the idea that this is a gain of function mutation.
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NFAT modulates expression of CG42340 to alter plasticity at the pre-
synapse

Mallory Bowers*! and Subhabrata Sanyal*
1 Department of Cell Biology, Emory University School of Medicine, Atlanta, USA

Transcriptional mechanisms regulate long-term neuronal plasticity and underlie behaviors
such as learning and addiction. Although most transcription factors studied to date, such
as Fos and CREB, are positive regulators of plasticity, much less is known about proteins
that constrain long-term changes in the structure and function of neurons. Using the
model organism Drosophila melanogaster, our laboratory has determined that NFAT
(Nuclear Factor of Activated T-cells) is expressed in the nervous system, inhibits pre-
synaptic growth and transmitter release, and negatively regulates activity-dependent pre-
synaptic plasticity. While NFAT-mediated regulation of synapse growth engages the
microtubule based cytoskeleton, NFAT also alters calcium dependence of transmitter
release. To derive mechanistic understanding of the role of NFAT in activity-dependent
plasticity, we have focused on CG42340, a gene that encodes a dual-pore potassium leak
channel and is regulated by neural activity. Western blot analysis from adult brain
extracts suggests that NFAT could be a key controller of CG42340 protein levels in the
brain; CG42340 protein levels are elevated following over-expression of NFAT and
reduced in the NFAT**? deletion mutant. Functional analysis of CG42340 also reveals an
increase in synapse size for larvae lacking the entire coding region of CG42340. We
propose a model in which neuronal activity induces expression of CG42340 in an NFAT
dependent manner to constraint synaptic plasticity.
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Effects of heterogeneity in synaptic conductance between weakly
coupled identical neurons

Patrick Bradley®*, Kurt Wiesenfeld? and Robert Butera®

! Electrical and Computer Engineering,
2Physics, Georgia Institute of Technology

A significant degree of heterogeneity in synaptic conductance is present in neuron

to neuron connections. We study the dynamics of weakly coupled pairs of neurons with
heterogeneities in synaptic conductance using Wang-Buzsaki and Hodgkin-Huxley model
neurons which have Type | and Type Il excitability, respectively. This type of
heterogeneity causes a symmetry breaking in the bifurcation diagrams of equilibrium
phase difference versus synaptic time constant when compared to the identical case. For
weakly coupled neurons coupled with identical values of synaptic conductance a phase
locked solution exists for all values of the synaptic time constant, a. In particular, in-
phase and anti-phase solutions are guaranteed to exist for all o.. Heterogeneity in synaptic
conductance results in regions where no phase locked solution exists and the general loss
of the ubiquitous in-phase and anti-phase solutions of the identically coupled case. We
explain these results through examination of interaction functions using the weak
coupling approximation and an in depth analysis of the underlying multiple cusp
bifurcation structure of the systems of coupled neurons.
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Mu-opioid receptors in the caudate-putamen modulate pair bonding in
female prairie voles

James Burkett*!, Lauren Speigel*?, Larry Young®
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Socially monogamous prairie voles (Microtus ochrogaster) form enduring pair bonds
between mates, and have become an informative animal model for exploring the
neurobiology of social attachment. The opiate system has long been implicated in the
regulation of infant-mother attachment, and mu-opioid receptors in the nucleus
accumbens (NAcc) mediate the reinforcing properties of many natural rewarding stimuli.
However, the role of the opiate system in partner preference formation, the laboratory
proxy for pair bonding, has not been explored. The NAcc plays a critical role in pair
bonding in female prairie voles. In contrast, the caudate-putamen (C-P), an anatomically
parallel structure involved in reward- and cue-based learning, has not been implicated in
pair bonding and has traditionally been used as a control injection site. We hypothesized
that endogenous opioids play a role in partner preference formation in female prairie
voles via activation of mu-opioid receptors in the NAcc. To test this hypothesis, we first
administered the opioid antagonist naltrexone (NTX) (IP, 7.5 mg/kg, Q6H) or saline to
adult female prairie voles during an 18-hour mating period with a male partner. NTX
injected females mated significantly less during the first 4 hours of cohabitation (p <
0.01) and displayed a significant preference for the stranger (p<0.01), suggesting that the
non-selective antagonist effectively blocks partner preference formation. We then
explored the role of mu-opioid receptors within the brain more specifically by site-
specific administration of the mu-opioid selective antagonist CTAP. We administered
CTAP or saline to the NAcc (1 pg/0.2 uL bilateral), the C-P (1 pg/0.2 pL bilateral), or
i.c.v. (2 ug/0.4 uL unilateral) prior to a 24-hour mating period. Control females receiving
vehicle in the NAcc, C-P, or i.c.v. all displayed a significant partner preference (p<0.01
for all groups). Females receiving CTAP in the NAcc (p=0.03) or i.c.v. (p<0.01) also
displayed significant partner preferences. Only CTAP injected into the C-P was effective
in blocking partner preference formation (p>0.05). Furthermore, the central antagonist
treatments did not affect mating behavior during the cohabitation period. These data
strongly implicate the opiate system in pair bond formation in female prairie voles, and
suggest that mu-opioid receptors in the C-P mediate this effect.
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Arc expression and neuroplasticity in primary auditory cortex during
initial learning are inversely related to neural activity

Ezekiel P. Carpenter-Hyland*, Thane K. Plummer, Almira VVazdarjanova, David T. Blake

Brain and Behavior Discovery Institute, Medical College of Georgia, Augusta, USA

Models of learning--dependent sensory cortex plasticity require local activity and
reinforcement. An alternative proposes that neural activity involved in anticipation of a
sensory stimulus, or the preparatory set, can direct plasticity, so that changes could occur
in regions of sensory cortex lacking activity. To test the necessity of target--induced
activity for initial sensory learning, we trained rats to detect a Low Frequency sound.
After learning, \textit{ Arc} expression and physiologically--measured neuroplasticity
were strong in a High Frequency auditory cortex region that lacked target--induced
activity in control animals. After 14 sessions, \textit{ Arc} and neuroplasticity were
aligned with target--induced activity. The temporal and topographic correspondence
between \textit{ Arc} and neuroplasticity suggests \textit{ Arc} may be intrinsic to the
neuroplasticity underlying perceptual learning. Furthermore, not all neuroplasticity could
be explained by activity--dependent models, but can be explained if the neural activity
involved in the preparatory set directs plasticity.
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Proliferative, adherent neural progenitors derived from human induced
pluripotent stem cells.
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Induced pluripotent stem cells (iPSCs) derived from immunocompatible, patient-specific
donor cells have garnered attention for their therapeutic potential in cell replacement
strategies. Previous studies show that somatic fibroblasts reprogrammed into induced
pluripotent stem cells are indistinguishable in their epigenetic state and developmental
potential from blastocyst-derived embryonic stem cells (ESCs). However, the capacity
of iPSCs to differentiate into therapeutically relevant and functional cell types in
comparison to ESC-derived cell types is largely uninvestigated. Here we have generated
human iPSCs by transducing IMR-90 human lung fibroblasts with lentiviral vectors
encoding all 6 previously used pluripotency factors, Oct-3/4, Nanog, Sox2, Klf4, Lin28,
and c-Myc, under the EF1a promoter, along with an additional EF1a-eGFP lentiviral
vector to monitor transgene expression during differentiation. In these studies we
induced iPSCs to differentiate in vitro into neural progenitors and their neuronal
derivatives. Resulting progenitor cells were characterized by immunochemistry, flow
cytometry and then assayed for their differentiation potential to their respective cell
lineages. We found that the morphology, time frame for differentiation and marker
expression of iPSC-derived progenitors is similar to hESC-derived progenitors for neural
differentiation in vitro. We also observed no reemergence of silenced lentiviral
transgene expression in iPSC-derived differentiated cell types (i.e. GFP fluorescence). In
addition, we developed robust, proliferative iPSC neural progenitors capable of being
maintained as adherent monolayer cultures for multiple passages. Our results show that
iIPSCs have the potential to generate progenitor cell types for future regenerative
medicine therapies.
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Puberty increases excitatory synapse markers in the medial amygdala
Bradley M. Cooke
Neuroscience Institute, Georgia State University, USA

Puberty is a phase of mammalian reproductive development marked by dramatic
phenotypic plasticity. In addition to physical changes, social behaviors such as courtship,
coitus, and territorial aggressiveness emerge at puberty. The neurobiological mechanisms
that underlie the development of these behaviors, however, are unclear. In the Siberian
hamster, P. sungorus, the initiation of puberty is controlled by photoperiod. We used
summer- and winter-like photoperiods to induce puberty in one cohort of hamsters and to
inhibit puberty in another. All hamsters were perfused at 40 days of age. We then used
double label immunofluorescence in conjunction with stereology to estimate several
parameters in the posterodorsal subnucleus of the medial amygdala (MePD), an important
site for the steroid hormone regulation of social behavior. We report here that post-
pubertal male Siberian hamsters have 50% more puncta immunoreactive for vesicular
glutamate transporter-2 and postsynaptic density-95, both of which are markers of
glutamatergic synapses. There was also a non-significant trend toward 25% more puncta
immunoreactive for glutamic acid decarboxylase (GAD). Confirming our previous
findings, we observed that post-pubertal hamsters had a larger MePD regional volume as
well as larger neuronal somata. Taken together, these data indicate that puberty is
accompanied by excitatory synaptogenesis in the medial amygdala, which may contribute
to the behavioral changes that occur at this time.
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Distinct cortical areas encoding decision making and motor preparation
in the posterior parietal cortex
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Traditional psychological theories have considered decision making as a separate neural
process occurring before action planning. Recently, neurophysiological studies suggest
that plan selection and movement preparation involve the same brain regions and are
performed in an integrated manner. However, nearly all previous studies of decision
making have emphasized the spatial aspects, so dissociation of decision making from
motor planning has only been tested for spatial target selection, which involves spatial
attention and in turn engages numerous cortical areas. It still remains unclear whether
plan selection and action preparation are represented in segregated areas for other kinds
of decision making. In the present study, we recorded single-neuron activity from the
dorsal area 5 (area 5d) and the adjacent parietal reach region (PRR) of the posterior
parietal cortex while monkeys performed a non-spatial, effector-choice between saccade
and reach. Results demonstrated that PRR forms potential movement plans in ambiguous
situations and then only the reach plan remains once the monkeys make a decision. On
the other hand, area 5d does not form potential plans and carries only the movement plan
once the decision has been made. The absence of activity related to potential plans in area
5d suggest a distinct neural correlate of motor preparation downstream to plan selection,
in favor of the serial hypothesis that decision making occurs before action planning.
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STEP (Striatal-enriched protein tyrosine phosphatase) is a critical
component of the CRF system signaling in the extended amygdala of the
rat brain.
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STEP (Striatal-enriched protein tyrosine phosphatase), a recently discovered neuron-
specific tyrosine phosphatase, is widely distributed in the rodent brain. STEP has been
reported to be critically involved in the glutamate (NMDA receptor)-mediated regulation
of the ERK (extracellular signal-regulated kinase) signaling cascade in rat neurons.
Activation of the ERK cascade is thought to be an important signal transduction factor
that regulates synaptic function, long-term potentation (LTP), and consequently learning
and memory. STEP has been shown to downregulate the activity of ERK by
dephosphorylation of ERK tyrosine residue. We have found robust somatodendritic
expression of STEP in the extended amygdala: primarily in the anterolateral BNST
(alBNST) and central amygdala (CeA). Because STEP distribution was highest in those
regions of the extended amygdala that also show high corticotrophin releasing factor
(CRF) expression, we performed dual immunofluorescence experiments to determine the
relative co-localization of CRF and STEP. Dual labeling experiments revealed almost
complete co-localization of CRF and STEP in aIBNST and CeA. In contrast to CRF
neurons of the extended amygdala, the population of CRF-positive neurons in
paraventricular nucleus of the hypothalamus (PVN) did not express STEP. These data
suggest that CRF neurons in the extended amygdala can utilize distinct second messenger
pathways from CRF neurons of the PVN. CRF-expressing neurons in the extended
amygdala are believed to be associated with the chronic affective (emotional) component
of the stress response, in contrast to CRF neurons in the PVN, which are associated with
acute mobilization of the hypothalamic-pituitary-adrenal (HPA) axis. Here, we used
repeated stress paradigm to examine the effects of chronic stress on STEP expression in
the alBNST. Rats were subjected to one-hour restraint stress for four consecutive days.
Six days after the final stress manipulation (day 10), BNST samples from control and
stressed animals were collected for protein assay (Western Blot), mRNA expression (RT-
PCR) and immunohistochemistry. We have observed decreased levels of STEP in the
BNST of stressed rats at the level of protein expression (STEP total protein content and
STEP-positive neurons’ expression) as well as significantly decreased mRNA expression.
We conclude that STEP might be directly involved in stress-induced regulation of CRF
signaling in the BNST, and deficits in STEP may therefore modulate the long-lasting
effects of stress that are associated with states of fear and anxiety as well as etiology of
PTSD, panic attacks and depression.
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Synergistic efficacy of hal4-1 and apigenin in inhibiting angiogenic
factors and increasing apoptosis in neuroblastoma cells
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Neuroblastoma is the most common extracranial solid tumor in children. Current
therapies are insufficient in treating this complex malignancy. There is an urgent need for
novel treatment of neuroblastoma. In this study, we examined the effects of combination
of Bcl-2 inhibitor HA14-1 (HA) and apigenin (APG) on malignant neuroblastoma SH-
SY5Y (non-N-Myc amplified) and SK-N-BE2 (N-Myc amplified) cells. Dose-response
studies indicated that treatment with HA + APG for 24 h synergistically reduced cell
viability in SH-SY5Y. SK-N-BE2 showed no significant response to the drugs during
treatment for 24h but displayed synergism during treatment for 48 h for decreased cell
viability. Further studies were focused on SH-SY5Y cells using the treatments: 2.5 uM
HA, 100 uM APG, and 2.5 uM HA + 100 uM APG. Western blotting showed that
HA+APG inhibited angiogenic (VEGF and EGFR) and survival (NFkB and N-Myc)
factors. Wright staining showed capability of combination therapy in increasing
morphological features of apoptosis. Cell cycle analysis and Annexin V-FITC/PI binding
assay showed that combination therapy was more effective than monotherapy in inducing
extrinsic apoptotic pathway with activation of caspase-8 and BID cleavage to tBID.
Activities of calpain and caspase-3 generated 145kD spectrin break down product
(SBDP) and 120kD SBDP, respectively. Thus, HA and APG is a promising therapy
against human malignant neuroblastoma having N-Myc non-amplification or
amplification. This work was supported by RO1 grant (NS-57811) from the NINDS.
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Comparative expression of insulin-like peptides and the insulin receptor
in the brain of a mosquito
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Eight insulin-like peptides (ILPs) and one insulin receptor (IR) homolog are encoded in
the yellow fever mosquito, Aedes aegypti. In this study, we show that seven of the eight
ILPs and the IR are specifically expressed in female brains, as determined by RT-PCR, in
situ hybridization, and immunoassays. After immunocytochemistry with a specific
antiserum, ILP3 was localized to the medial neurosecretory cells in the brain, and these
cells have axons extending out of the brain to a neurohemal organ and along the gut.
Published studies show that this ILP is a high affinity ligand for the IR and has
gonadotropic activity in blood-fed, decapitated females and insulin-like activity in sugar-
fed, decapitated females. Roles for the other ILPs expressed in the brain are not known,
nor is their affinity for the IR established. In this study, we show that IR RNAI blocks
expression in specific tissues, but not the brain, and slows the feeding response in female
mosquitoes. This result suggests that ILPs released from the brain may regulate feeding
behavior in mosquitoes in the same way as known for insulin in mammals.
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Multi-modal optimization techniques for improving qualitative features
of biophysical neural models
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We present a novel computational technigue that enables more efficient optimization of
qualitative features in biophysical neural models. In particular, we extend the idea of
multiple objective optimization for a single comparison modality (such as comparison of
individual voltage traces) [1] into multiple modalities. For instance, features may be
defined in terms of measurements from different experimental scenarios, and might
include not only action potential spike shape characteristics (Cf. [1, 2]), but also complex
features such as the frequency response curve (as a function of injected current), and
phase response curve (as a function of perturbation time). The benefit of multiple feature
modalities is to provide additional ways to distinguish solutions that might otherwise
appear similarly fit in the restrictive view of a single modality. This is often due to
relative insensitivities of some parameters to features in a single modality, or parameter
co-variation/modulation [2], which creates an ill-posed optimization problem (poor
gradients, local minima, or multiple global minima in the fitness landscape). Thus, for
any given parameter choice, an evaluation of model fitness might involve multiple test
scenarios to be executed.

We use an implementation in the PyDSTool software [3] to demonstrate the ease with
which this multi-modal approach can be prepared and embedded in conventional
gradient-based or global optimization algorithms. We show that the technique improves
detailed models with many parameters over heterogeneous data sets that contain noise
and variability in underlying conditions, for which methods based on single modalities
fail.

[1] S Druckmann et al. 2007. Frontiers in Neuroscience, 1(1)

[2] P Achard et al. 2006. E De Schutter, PLoS Computational Biology, 2(7)

[3] RH Clewley et al. 2004. http://pydstool.sourceforge.net

47



Effect of muscarinic receptor activation on dendritic morphology of
honey bee Kenyon cells in age-matched foragers
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The honey bee (Apis mellifera) brain is a model system for the study of experience-
dependent neuronal plasticity. Young worker bees perform in-hive tasks while older bees
exit the hive to forage. Experienced foragers have a larger volume of neuropil associated
with the mushroom bodies than do younger workers [1]. We hypothesize that sensory
cues associated with foraging increase cholinergic signaling in the mushroom body
calyces which ultimately results in increased dendritic complexity. In the present study,
we used pharmacological manipulations to simulate the increased cholinergic signaling
presumed to accompany foraging. Age-matched bees with 1 week of foraging experience
were caged in the laboratory and treated with pilocarpine (muscarinic agonist) or
scopolamine (muscarinic antagonist) for one week. The Golgi method was used for
detailed studies of Kenyon cell arborizations. Because the increase in mushroom body
volume induced by foraging is correlated with increased complexity of Kenyon cell
dendritic arbors, we predicted that pilocarpine would increase measures of Kenyon cell
complexity and that scopolamine would have the opposite effect. This research was
supported by NIH R0O1 Award to SEF and GER (GM073644).

[1] Farris et al. 2001. J. Neuroscience, 21, 6396-6404
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Potential role of heme oxygenase-1 in neuroinflammation caused by
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In humans, excess exposure to manganese (Mn) is associated with a Parkinsonian type
neurological disorder. While Mn can be directly neurotoxic to neurons (dopaminergic and
GABAEergic) in the midbrain, it can also increase glial (microglia and astrocytes) derived
inflammatory products that contribute to the development of Mn neurotoxicity. Several
studies report that Mn potentiates the production of inflammatory cytokines, reactive
oxygen species, nitric oxide, and prostaglandins induced by inflammagens, such as
lipopolysaccharide (LPS) in microglia cells. Inducible heme oxygenase (HO-1), an
enzyme responsible for the cleavage of the oxidant heme into biliverdin, carbon
monoxide, and iron (Fe), is increased in response to oxidative stress caused by various
toxicants, including metals, and has been reported to play a role in the regulation of
inflammation. Expression of HO-1 is increased in response to LPS. However, at present,
the effect of Mn on HO-1 has yet to be determined. The first study was designed to
examine the effect of Mn on HO-1 induction with and without the presence of LPS in
microglia (N9) and dopaminergic neuronal (N27) cells and to uncover the role of HO-1
on cytokine potentiation by Mn. N9 microglia and N27 neuronal cells were exposed to
either LPS (100 ng/ml), Mn (100 uM), or combined Mn+LPS for 24 hours. In microglia,
while Mn had minimal effects on its own, induction of HO-1 (protein and mRNA) by
LPS was potentiated by Mn. The increase in HO-1 was not due to increased intracellular
Mn, but was accompanied by a small but significant increase in Fe concentration and an
increase in mMRNA and protein for iINOS, and the inflammatory cytokines TNF-a and IL-
6. Mn also potentiated the increase in COX-2 levels caused by LPS. In contrast, neither
LPS nor Mn had any effect on HO-1 in the N27 neuronal cells. Moreover, combined
Mn+LPS treatment caused a small, but significant decrease in HO-1. These results
indicate that Mn potentiates the induction of HO-1 by LPS in microglia, but not in
neuronal cells. Because the microglial increase in HO-1 is accompanied by an increase in
inflammatory mediators as well as Fe, there is a possibility that in the presence of Mn,
HO-1 acts as a pro-oxidant and is involved in the enhanced cytokine production by Mn-
exposed activated microglia that has been reported previously. To further investigate, N9
cells were pretreated (3 hrs) with an HO-1 inhibitor (tin protoporphyrin;SnPP), prior to
Mn, LPS, and Mn+LPS exposure. In the presence of SnPP, Mn caused even greater
potentiation of TNF- o and IL-6 levels in the culture medium, suggesting that increased
HO-1 by Mn+LPS is not contributing to the potentiating effects of Mn on cytokine
production. In fact, it has an anti-inflammatory role. Because H202 is a possible inducer
of HO-1 and it has been reported to be increased in microglia exposed to Mn, we looked
at the role of H202. As reported, Mn exposure increased H202 (6h post treatment).
However this effect was not potentiated by LPS. Furthermore, the presence of the HO-1
inhibitor further increased H202 output by microglia exposed to Mn, as well as from
control and LPS exposed microglia. Thus it appears that H202 is not responsible for the
increased HO-1. On the contrary, HO-1 serves in an antioxidant capacity in part by
controlling the redox status of microglial cells. Supported by: RO1IES016965 (NIEHS)

49



Self-administration of heroin and incubation of heroin-seeking in
adolescent vs. adult male rats.

James Doherty*, Patrick Dunigan, Chen Li, Adria Lee, Bonnie Williams and Kyle Frantz
Neuroscience Institute and Biology Department, Georgia State University, USA

Heroin abuse is prevalent among human adolescents. Yet few laboratory experiments
explore adolescent sensitivity to heroin using animal models, such as intravenous drug
self-administration and reinstatement of drug-seeking after abstinence. In this study,
adolescent (postnatal day 35 start) and adult (postnatal day 86 at start) male Sprague-
Dawley rats spontaneously acquired lever-pressing maintained by heroin. In Experiment
1, 13 days of self-administration on fixed ratio 1 (FR1) schedule of reinforcement (0.05,
then 0.025 mg/kg/infusion; 3 hr-sessions) were followed by a reinstatement test after 1 or
12 days of abstinence. Adolescents took more heroin and exhibited higher rates of non-
reinforced responding, compared to adults. In reinstatement, adolescent-onset groups
exhibited less heroin-seeking than older adults, and levels of reinstatement increased
between 1 and 12 days of abstinence for both age groups (incubation). In Experiment 2,
9 days of acquisition (0.05 mg/kg/infusion; 3 days each on FR1, 2, and 5) were followed
by 9 days of testing on a progressive ratio (PR) schedule (0.0125, 0.05, or 0.1
mg/kg/infusion; max 9-hr sessions), and a reinstatement test after 12 days of abstinence.
No age differences in self-administration or reinstatement were observed. Body weight
and fecal boli were quantified, and heroin affected these somatic signs less in adolescents
than adults. Overall, this study suggests that younger rats may be less sensitive than
adults to some acute and long-term effects of heroin. Thus, further investigation of
adolescent rats may reveal neuroprotective factors that could be mimicked for relapse
prevention in humans.
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Analyzing how varying neuronal parameters influence network activity
using a database of computational models of a half-center oscillator

Anca Doloc-Mihu*, and Ronald L. Calabrese
! Department of Biology, Emory University, Atlanta, USA

The rhythmic activity of the heartbeat neuronal network of the leech is based on pairs of
inhibitory interneurons that make reciprocal spike-mediated and graded synapses across
the ganglion midline. Here, we modeled such a pair of HN(4) reciprocally inhibitory
interneurons, known as a half-center oscillator model [1]. We aim at investigating the
changes in this model’s oscillatory activity and bursting characteristics based on cellular
and synaptic parameters. To achieve this, we varied selected parameters in all
combinations by using a brute-force approach and built a database of the resulting model
characteristics.

For our parameter search, we varied eight parameters in both neurons: the maximal
conductances of the spike-mediated and of graded transmission, and of the persistent

Nat, slow Ca2t, leak, hyperpolarization-activated (h), and persistent K* currents, across
of 0, 25, 50, 100, 125, 150, and 175 percent of their canonical values, and the leak
reversal potential across -70 mV, -65 mV, -60 mV, -55 mV, and -50 mV, resulting in a
parameter space of 10,485,760 models. After changing a parameter, a model was run for
100 s to allow the system to establish stable activity, and then, it was run for another 100
s, from which the data were recorded and analyzed. The cycle period was measured as
the time between the middle spikes of two consecutive bursts.

We performed all the simulations and we built a SQL database table for their firing
characteristics [2,3]. We used the entire database to ask fundamental questions about the
activity of half-center oscillators. First, we subdivided the models in to those in which the
component cells are intrinsically silent, spiking or bursting, and then, asked whether or
not oscillators of these different types responded to parameter changes similarly.

The results we have so far show that in approximately 36.46% (3,823,240 simulations) of
the models both cells were silent, in 27.72% (2,906,249) of them both cells were spiking,
and in 22.03% (2,310,359) both cells were bursting. The rest of the simulations (13.79%
or 1,445,912) did not have symmetric activity in the two model cells. Out of the bursting
models, in 18.96% (438,041) both cells showed irregular activity, in 18.19% (420,307)
the component cells produced spikeless plateau potentials, in 8.18% (189,041) the two
cells showed asymmetric bursting activity, and in 54.67% (1,262,970) both cells were
bursting with standard bursting activity. We will now use this last sample of bursting
models and then the entire database to ask mechanistic questions about their alternating
activity. We will be particularly interested in parameter changes which correspond to
known neuromodulations such as the modulation of h current by myomodulin [4].
Supported by NS024072.

[1] Hill et al. 2001. J Comp. Neurosci, 10, 281-302.

[2] Prinz et al. 2003. J Neurophysiol, 90, 3998-4015.

[3] Gunay et al. 2008. J Neurosci, 28(30), 7476-7491.

[4] Tobin et al. 2005. J Neurophysiol, 94(6), 3938-3950.
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Parkinsonian brain activity patterns in urethane-anesthetized VMAT 2-
deficient mice

Jeremy R. Edgerton* and Dieter Jaeger
Department of Biology, Emory University, USA

Parkinson’s disease (PD) is a devastating neurological disorder involving the
degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNc). SNc
neurons project principally to the striatum and other regions of the basal ganglia, and the
loss of dopaminergic modulation in this circuit results in akinesia, rigidity and tremor —
the movement symptoms that are the hallmarks of PD. In addition to the motor symptoms
of PD, there are a number of non-motor symptoms that typically do not respond as well
to dopamine replacement therapy. It has been proposed that these non-motor symptoms
may involve the noradrenergic and serotonergic neurotransmitter systems, which also
show significant degeneration in PD. In support of this hypothesis, a recent study found
that mice expressing only 5% of the normal level of the vesicular monoamine transporter
2 (VMAT2 LO mice), resulting in severely depleted levels of DA, NE and 5-HT, display
both an age-dependent motor phenotype and several of the non-motor symptoms of PD

[1].

Neurophysiological studies of dopamine-depleted primate and rodent models of PD have
found altered neuronal firing rates and patterns at multiple basal ganglia sites including
the output nuclei. Three pattern changes have been emphasized as consistent features of
Parkinsonian brain activity: increased burst firing, abnormal 8 — 45 Hz oscillations, and
elevated synchrony between neurons. To determine the neurophysiological correlates of
the Parkinsonian phenotype observed in VMAT2 LO mice, we have compared local field
potential and single-unit activity between these mice and wild-type controls. We recorded
simultaneously from three brain regions: the substantia nigra pars reticulata (SNr), which
is a major basal ganglia output nucleus composed of GABAergic projection neurons; the
ventral medial thalamus (VM), which is one of the principal targets of the SNr in mice;
and motor cortex, which is reciprocally connected with VM and also a major source of
input to the basal ganglia circuit. Preliminary results show markedly increased oscillatory
power at about 10 Hz in the VMAT2 LO mice under urethane anesthesia. The 10 Hz
oscillations were highly coherent between motor cortex, SNr and VM, consistent with
increased synchrony across the cortico-basal ganglia network. The elevated oscillations
were not observed under isoflurane anesthesia, and were observed under urethane only
during periods of cortical activation induced by a toe-pinch stimulus. These results
indicate that VMAT2 LO mice show some of the same neuronal activity pattern
abnormalities that are characteristic of more established animal models of PD.

[] Taylor TN et al. 2009. J Neurosci, 29, 8103-13.
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Midbrain Periaqueductal Gray-mediated morphine tolerance and glial
cell expression is altered in the absence and presence of persistent pain

Lori N. Eidson* and Anne Z. Murphy™?
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Opioid-based narcotics are the most prevalent therapeutic treatment for chronic pain
management with morphine being the most heavily prescribed drug. In a persistent pain
state morphine sensitivity and the latency to develop morphine tolerance increases.
Conversely, tolerance develops rapidly in the absence of pain. Our lab has shown that the
midbrain Periaqueductal Gray (PAG) is an important site for the development of
morphine tolerance. Up until relatively recently, glial cells were thought to be involved in
neuronal support alone. It has now become clear that glial cells communicate with, and
influence neuronal activity in several important ways, including influencing the
development of morphine tolerance. Surprisingly, there have been no studies directly
assessing the role of PAG-glia in this phenomenon. Male Sprague Dawley rats were
given a priming dose of bilateral, intra-PAG glial cell inhibitor, Propentofylline, or a
vehicle control followed by three consecutive days of subcutaneous 