
COVER A late-stage Xenopus 
tropicalis (western clawed frog) 
tadpole, about 5 centimeters in 
length, with emerging hindlimbs. 
Through the skin of the head, the 
optic, trigeminal, and olfactory 
nerves, as well as the paired thymus 
and large blood vessels, are visible. A 
Report on page 633 describes the 
genome of this organism, which is an 
important model for vertebrate 
development. Photo: Siwei Zhang, 
Jingjing Li, Enrique Amaya  

http://www.sciencemag.org/cgi/content/short/328/5978/633




Biol 580, Cellular Neuroscience, Spring 2010, Exam 4. The exam will be held at the assigned 

final exam time, Monday May 10th from 10:20-12:10, in the regular classroom. 

General instructions: This is an oral exam. Prepare a ~10 minute presentation using hand drawn 

visual aids only that addresses one of the questions below.  

Learning objective: To apply your knowledge about cellular neuroscience to a novel, hypothetical 

research challenge or topic. 

Evaluation: Presentations will be scored on a scale of 1-15 by the faculty members present. 

Evaluation will be based on 1. clarity / comprehensibility of ideas, 2. scientific sophistication, 3. 

adherence to specific guidelines. 

General requirements for answers:  

An explicit connection to a topic we covered in class 

Citation of 1-2 cellular neuroscience related research articles 

Drawing should at minimum illustrate an anatomical feature and/or physiological process/es within 

neurons, and/or a mathematical model of a neuronal process.  

Specific questions- select ONE to answer: 

1. What is the ‘dark matter’ of cellular neuroscience, ie, what do you think is the most important 

unresolved questions about how neurons process information, and why? B. How would you start to 

address that question? 

2. Imagine a race of super-intelligent humanoid space aliens visited earth and offered themselves 

as subjects for invasive, acute experimentation. What would you want to know about the functioning 

of the putative neurons in their putative nervous systems, and why? B. What cellular neuroscience 

research methods would this require? 

3. We paid glial cells relatively little attention in this course. Describe one way in which glial cells 

influence information processing in neurons. Make the case that glial cells deserve to receive more 

attention in a cellular neuroscience course. 

4. Select a cellular neuroscience phenomenon. A. Explain the phenomenon, and B. explain 

something about it at each of the following levels of analysis: behavioral, systems, circuit, cell 

biological, genetic, computational 





Where does adult neurogenesis happen in the human brain? 
 
How is neurogenesis demonstrated?  

BrdU pulse 
few weeks for 
incorporation 
fixation  
colabel with mature-
neuron-specific marker 
(NeuN)  
secondary antibodies  
confocal colocallization 



Neuron maturation in dentate gyrus. Stages: 
1. Stem cells: multipotent, capable to long term self 
renewal via non symmetrical division. Called radial glia in 
adult brain, stain positive for glial markers, GFAP. Can 
generate all 3 main neural populations: astroglia, 
oligodendrocytes, neurons. (Tissue specific stem cell were 
hard for Friday’s speaker to explain since micoRNA switches 
from dedicated to pluripotent) 
2. Progenitor: appear 1-2 weeks post mitosis, stop 
expressing GFAP. Plump morphology. Outside stimuli 
(exercise, learning, antidepressant drugs) can promote 
neural over glia fate. 
3. Neuroblast: first irreversible turn toward neuron fate. 
Promoted by BDNF, possibly through activity dependent 
mechanism. Stress steers progenitors away from turn 
toward neuroblast. Markers: NeuroD, Neurogenin 
4. Migrating neurons: elongated shape, expression of 
neuron, guidance, adhesion markers. Has short trip from 
SGZ in hippocampus, but a long trip from SVZ to cortex 
5. Newborn granule cells: GABA depolarizes, presence of 
basal dendrites 
6. Immature neurons: loose basal dendrites, extend apical 
dendrites, begins responding to environmental stimuli, 
hyperexcitable, better LTP than mature neurons, possibly 
through increased expression of NRB2 subunit. 
7. Mature neurons: GABA becomes hyperpolarizing, less 
activation by novel environmental stimuli, downregulation 
of NRB2 NMDA subunit, can be activated by associated 
stimuli (memory), loss of t-type Ca++ channels, elaboration 
of dendrites and spines. Time delay for new neurons to 
become functional (~2-4 weeks) corresponds to the delay 
of antidepressant efficacy on mood 
8. Other fates besides granule cells: glia (astro, mico, oligo), 
blood vessels. Stress / depression / anxiety promote these 
fates in exchange for neuronal fate. This is correlated with 
a decrease in hipp volume in patients and a decrease in 
spatial memory and other hipp dependent cognition 
 



http://www.itee.uq.edu.au/~
milford/index.html 

Additional view of dentate gyrus neurogenesis 



Additional view of 
dentate gyrus 
neurogenesis 



http://www.helmholtz-
muenchen.de/en/idg/group-
adult-
neurogenesis/research-
areas/index.html 

Additional view of 
dentate gyrus 
neurogenesis 



How do outside stimuli 
like drugs or exercise or 
stress influence 
neurogenesis? 



Function of structures where neurogenesis occurs: dentate gyrus… Responds to (subtle) changes within the same 
environment (context) but responses do not remap to new environments in the way the hippocampal place cells (pyramidal 
neurons) do. “Collectively, these studies demonstrate that neurogenesis is necessary for linking temporally separated events 
that involve subtle or novel changes within contextually similar settings.” Consequence of dentate gyrus functional 
integration with CA1/CA3 regions of hippocampus: “novel experiences *encoded by new DG neurons+ are linked to episodic 
memories of similar content *encoded by mature CA1/CA3 neurons+.” HYPOTHETICALLY, when DG neurogenesis is impaired, 
CA1/CA3 pyramidal neurons have to encode the new events, “resulting in impaired segregation of irrelevant, old stimuli 
from relevant, novel stimuli. Interference with the encoding of novel stimuli impairs the detection of new subtle contextual 
changes. The inability to detect and appropriately respond to contextual changes results in an “uncoupling” of affect from 
external context…. The inability to detect subtle changes in external context prevents the recognition *and+ eventual 
reduction or cessation of stress. The negative mood persists, therefore, even after the triggering stress ceases. Unremitting 
negative mood that is no longer yoked to external context is in essence major depression.” 

What is known about function of neurogenesis 
Evidence supporting neurogenesis function in 
response to antidepressants. Impaired 
contextual fear learning after blockage of 
neurogenesis, but only with ~4 week delay 
between neurogenesis block and testing.  
Evidence against neurogenesis function in 
response to antidepressants : blocking 
neurogenesis does not eliminate the beneficial 
effects of antidepressant therapy or 
environmental enrichment on measures of 
anxiety, including novelty induced suppression 
of feeding (NSF, Science. 2003 Aug 
8;301(5634):805-9.PMID: 12907793), light/dark 
avoidance, elevated plus maze, open field 

Function of neurogenesis 
and neurogenesis theory of 
depression 



Phenomenon being studied: mechanism of action of hallucinogenic drugs, schizophrenia 
 
Adaptation-  (a) sensory gating (b) receptor complexes increase neural signaling  repertoire  
 
Behavioral-  psychotic behavior in human patients, mouse model of psychotic behavior  
 
Systems- sensory systems 
 
Circuit- DRN serotonergic, and thalamic glutaminergic projection to somatosensory cortex 
 
Cell biological (including electrophysiological)-  complexing of distinct membrane bound 
metabotropic receptor types. Many cell biological experiments: physiological responses to 
agonist, colocalization (BRET, FRET), receptor binding affinity assays. 2AR must be complexed 
with the GLUR2 to allow 2AR agonist to activate Gαi1,2,3 
 
Genetic- GLUR2 sequence required for transmembrane domain mediating 2AR complexing 










