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DISCUSSION QUESTIONS 

 
 

1. What are the similarities and differences between optogenetics and deep 
brain stimulation? What are the advantages of optogenetics over current 
deep brain stimulation strategies which use electrodes? 

LEARNING STANDARDS 
 
SEP8 
RST.11-12.2 
SP1 
 

2. What could be some other behavioral measures the investigators could have 
used to determine the effectiveness of the optogenetic intervention in rats? 
 
 

SEP2 
Systems and system models 
RST.11-12.3 
SP3 
NS1 
 

3. Do you think it would be possible for a neuron to express more than one 
opsin? Explain why this could/couldn’t be possible. 

LS1.A  
SP3 
EK2.B.2 
 
 

4. The authors performed a light-penetration study to verify that their optrode 
was illuminating the appropriate area and could stimulate opsins. Considering 
the visible light spectra, what wavelength of light would be ideal to maximize 
tissue penetration? How could one “engineer” an opsin to be sensitive to this 
wavelength? 

SEP3 
LS1.A  
RST.11-12.9 
EK3.D.2 
VC4 
 
 

5. Many regions of the brain and nervous system are discussed in the paper 
including the substantia nigra pars compacta, basal ganglia, subthalamic 
nucleus, globus pallidus pars interna, medial forebrain bundle, zona incerta, 
etc. What are these regions responsible for? How are these regions 
connected? Diagramming their location relation to each other may be useful. 

SEP8 
LS1.A  
EK4.A.2 
 

6. Do you think optogenetics could be used in clinical trials for patients with 
Parkinson’s disease? Explain why or why not. 

 

SEP8 
SP1 
NS8 

 

 

 

 

 

 

 



 
 

ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

 
 
Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

LEARNING STANDARDS 
 
RST.9-10.2 
RST.11-12.2 
NS8 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on 
the published work of at least one other independent group of scientists. Students 
will evaluate whether data from this research supports or contradicts previous 
conclusions and reflect on the statement that scientific knowledge is a “community 
effort.” 
 
 

RST.9-10.8 
RST.11-12.8 
VC4 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories 
for tone, accuracy, missing information, etc. They may then write their own news 
stories on the article.  
 

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 

 
Design a therapeutic 
 
Students create a novel therapeutic (device, drug, cell implantation, etc.) that uses 
optogenetics (ChR2, eNpHR, etc.) to correct for a disease of their choice. 
 

 
SEP3 
RST.11-12.9 
SP3 
EK3.D.2 
VC6 
 
 
 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by 
figure, if appropriate). They then consider the results depicted in each figure and how 
these results support the conclusions of the study.  
 

Systems and system models 
SP1 
 

 
The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand or builds on it to explore a new 
question. 

 
SEP2 
SEP3 
SP3 
NS8 

 

 



 
 

ARTICLE OVERVIEW 

Article summary (recommended for educator use only) 

Deep brain stimulation is a therapeutic intervention for Parkinson’s disease patients in which a pulse generator 

propagates a signal pattern through electrodes implanted into the subthalamic nucleus (STN) to correct for aberrant 

firing. Though DBS is incredibly powerful, the underlying mechanisms attributed to its efficacy are difficult to elucidate 

due to the complex neural circuits involved. Optogenetics provides a powerful tool to dissect out each neural circuit by 

using light-sensitive proteins called opsins that can either activate or inhibit neuronal firing based on a specific 

wavelength of light. The authors were able to systematically elucidate the contribution of primary motor cortex layer 5 

projection neurons to the subthalamic nucleus as a beneficial modulator of motor deficits in hemiparkinsonian rats. 

Importance of this research 

The investigators wanted to apply a tool developed in their lab to neural circuits underlying Parkinson’s disease with the 

intent of understanding if optogenetics could be used to modulate neuronal behavior in a frequency-dependent manner 

similar to deep brain stimulation. The lab already established that the light-sensitive opsins could be expressed in 

mammalian neurons, had decent photokinetics, could be genetically targeted to specific subsets of cell types, and had 

the millisecond temporal precision of electrodes. By applying optogenetics to investigating the neural circuits underlying 

Parkinson’s disease, they were able to set the groundwork for others to apply optogenetics strategically to tease out 

other pathological or normal neural circuits. Future research applications are still relevant with the advent of new opsin 

variants with varying wavelength of light sensitivity, faster kinetics, and increased expression. These opsins, though 

implemented in neurons, can control the behavior of other cells like muscle cells or even pancreatic beta cells. 

Experimental methods 

• Immunochemistry 

o Brain tissue slices were fixed to a slide and subsequently made permeable and probed with antibodies, 

which would target and fluorescently tag specific proteins of interest. 

• Virus production and transduction 

o Lentiviruses and adeno-associated viruses were produced by encoding their gene of interest 

downstream of a cell-specific promoter within a unique plasmid that would be packaged into competent 

viral particles. These viral particles would then be injected into a specific brain region and monitored for 

expression via a fluorescent reporter gene like red fluorescent protein (RFP) or green fluorescent protein 

(GFP). 

• Stereotactic injection 

o 6-OHDA was injected into the medial forebrain bundle and virus was injected into the STN using a metal 

needle with a variable solution flow rate. This occurred in anesthetized rats where an incision was made 

to expose the skull and portions of the bone removed to expose the brain. 

• Cannula placement 

o After the brain was exposed, a fiber guide was inserted into the brain to a depth near the STN and 

secured using adhesive cement. 

• Optrode recordings 

o Light stimulation and recordings were achieved through the use of a tungsten electrode (recorder) 

attached to an optic fiber (stimulator). The tungsten wire was placed slightly deeper than the fiber to 

https://www.scienceintheclassroom.org/research-papers/lighting-life


 
 

ensure illuminations of the recorded neurons, both of which were stereotactically inserted to the 

appropriate depth for each experiment. 

• Behavioral analysis 

o Motor behavior was assessed using amphetamine-induced rotations, head position bias, and 

locomotion. Rotations were performed by injecting amphetamine 30 minutes prior to trial and placing 

the animal in an opaque cylinder. Ipsilateral (same side as) rotations to the 6-OHDA lesion (clockwise) 

were added and contralateral (opposite side as) rotations were subtracted. Head position bias was 

determined by the number of head tilts over time, where a greater than 10-degree deviation left or right 

from midline was measured. Locomotion was measured using a software program called Viewer that 

tracked motion and calculated distance. 

Conclusions 

• Light-sensitive opsins can be genetically targeted to specific cell types in the brain to modulate their function. 

One of the paper authors, Karl Deisseroth, previously established that optogenetics provides a very modular and 

powerful tool for neuroscientists to systematically target selective cell populations within the central nervous 

system and modulate neuronal function with specific wavelengths of light. The choice vector (viral envelope), 

promotor (CaMKIIα, Thy1, etc.), and gene are all important parameters that can affect the cell’s response. 

• Optical inhibition/activation of STN neurons and activation of astroglia, which in turn inhibited neuronal firing, 

were both unsuccessful at ameliorating parkinsonian motor deficits. Optrode recordings gave a good insight into 

the neural spiking pattern and neurons response to light stimulus; coupled with a behavioral readout, these 

experiments alluded to alternative circuitry that was involved in the motor deficits. 

• Transgenic rats expressing Channelrhodopsin2 under the control of the Thy1 promotor selectively targeted 

projection afferent fibers entering the STN and had a frequency-dependent effect on pathological motor 

behavior. High-frequency stimulation (HFS) of ChR2 greatly reduced STN spiking and caused a statistically 

significant restoration in motor deficits, while low-frequency stimulation of ChR2 worsened pathological motor 

behavior in hemiparkinsonian rats. 

• Layer 5 of the primary motor cortex (M1) achieved high expression of Thy1::ChR2 in excitatory projection 

neurons to the STN when stimulated at the M1 layer 5, which was sufficient to ameliorate pathological motor 

deficits. HFS reduced neuronal firing of projection neurons at M1 layer 5 to the STN, which allowed the 

hemiparkinsonian rats to move freely. 

 

 

 

 

 

 

 

 



 
 

LEARNING STANDARDS ALIGNMENT 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Developing and Using Models (SEP2) 
Develop, revise, and/or use a model based on 
evidence to illustrate or predict the 
relationships between systems or between 
components of a system. 
 

Planning and Carrying Out 
Investigations (SEP3) 
Manipulate variables and collect data about a 
complex model of a proposed process or 
system to identify failure points or improve 
performance relative to criteria for success or 
other variables. 
 

Obtaining, Evaluating, and 
Communicating Information (SEP8) 
Communicate scientific and technical 
information (e.g. about the process of 
development or the design and performance 
of a proposed process or system) in multiple 
formats (including orally, graphically, 
textually, and mathematically). 
  

LS1.A: Structure and Function 
Systems of specialized cells within organisms 
help them perform the essential functions of 
life. 
Feedback mechanisms maintain a living 
system’s internal conditions within certain 
limits and mediate behaviors, allowing it to 
remain alive and functional even as external 
conditions change within some range. 
Feedback mechanisms can encourage 
(through positive feedback) or discourage 
(negative feedback) what is going on inside 
the living system. 

 

Systems and System Models 
Models (e.g. physical, mathematical, 
computer models) can be used to simulate 
systems and interactions—including energy, 
matter, and information flows—within and 
between systems at different scales. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

 

 

 

 

 

 



 
 

 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 1 (SP1) 
The student can use representations and models to communicate 
scientific phenomena and solve scientific problems. 
 

Science Practice 3 (SP3) 
The student can engage in scientific questioning or extend thinking or 
to guide investigations within the context of the AP course. 

Essential knowledge 2.B.2 (EK2.B.2) 
Growth and dynamic homeostasis are maintained by the constant 
movement of molecules across membranes. 
 

Essential knowledge 3.D.2 (EK3.D.2) 
Cells communicate with each other through direct contact with other 
cells or from a distance via chemical signaling. 

 
Essential knowledge 4.A.2 (EK4.A.2) 
The structure and function of subcellular components, and their 
interactions, provide insights to essential cellular processes.  
  

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to Tap into the Interdisciplinary Nature of 
Science (VC4) 
The ability to draw connections between biology subfields, as well as 
other scientific fields, can advance fundamental questions. 

 
Ability to Understand the Relationship between Science 
and Society (VC6) 
Identify social and historical dimensions of biology practice: Evaluating 
the relevance of social contexts to biological problems, developing 
biological applications to solve societal problems, evaluating ethical 
implications of biological research.  

Scientific Investigations Use a Variety of Methods (NS1) 
Scientific investigations use diverse methods and do not always use 
the same set of procedures to obtain data. 
 

Science Addresses Questions About the Natural and 
Material World (NS8) 
Scientific knowledge indicates what can happen in natural systems—
not what should happen. The latter involves ethics, values, and human 
decisions about the use of knowledge. 
 

 


