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Silencing Your Cells
What A Year! for June, 2010
Being able to turn a neuron off and on allows researchers to understand what that  neuron does. It may also enable biomedical researchers to turn off faulty neurons in disesase such as epilepsy. Working at the interface of several disciplines (neuroscience, biochemistry, bioengineering) a team led by Dr. Ed Boyden of MIT has invented a way to turn neurons off and on.
To get the entire story, go to What A Year! and click on the 06/10 icon.
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1. What are neurons and how are they different from other cells? 

Neurons are specialized cells capable of transmitting electrical signals from one cell to the next. Electrical signals are received by special branches called dendrites and sent away from the nerve cell body by the axon. . 

2. What is an action potential? How do action potentials allow neurons to function?

An action potential is the creation of electrical energy through chemical imbalances in the neuron. When a neuron is stimulated by an incoming electrical signal, charged particles are moved out of the cell which changes the electrical charge within a neuron and creates an action potential, which is sent to the next neuron. In other words, the creation of an action potential is what allows neurons to transmit messages from the brain to the rest of the body and back.

3. What is optogenetics? How does it relate to traditional genetics?

Optogenetics is an emerging scientific field that uses optical properties to examine neuron function. The principle of optogenetics is similar to the use of “knock-out” animal models in the traditional field of genetics that allow for the study of particular genes through the comparison of control animals with those lacking the specific gene. Optogenetics is different, though, in that it uses light to inhibit neuron function temporarily.

4. What are opsins? 

Opsins are a family of photosynthetic or photosensory proteins that can turn light into electrical energy.

5. What are Arch and Mac? How do they inhibit neuron function?

Arch is a protein from a species of archaebacteria, and Mac is a protein from a species of fungus, each with photosynthetic properties. They work by pumping protons (hydrogen ions) out of the neuron, which decreases the voltage of a neuron, and inhibits the action potential. . 

6. What in vitro experiments did Dr. Boyden and his team conduct?

Dr. Boyden and his team conducted in vitro experiments in neurons in cell culture. . They inserted the genetic material for Arch and Mac into the neurons using a virus known as a lentivirus. They then stimulated Arch and Mac using different colored light to inhibit neuron function.

7. What experiments has Dr. Boyden performed in mice to test the effectiveness of Arch and Mac? What did they conclude?

To test the effectiveness of the proteins in mice, Dr. Boyden and his team developed a device that could deliver small beams of light of specific wavelengths. They inserted the proteins into mice neurons via lentivirus and then stimulated them with the light probe. Dr. Boyden and his team found that Arch effectively (~100%) inhibited neuron function in mice.

8. What are some clinical applications of this technology to treat brain diseases?

There are many diseases, such as epilepsy and Parkinson’s disease, that may involve the erratic or overactive firing of neurons. If over-stimulated neurons could be effectively silenced, this technology could offer alternative therapies to treat these diseases.

9. How else does Dr. Boyden plan to use this technology?

One area of research Dr. Boyden is exploring is the use of this technology for basic science research as well as clinical research. His current research projects focus on understanding mood disorders such as anxiety and post-traumatic stress syndrome as well as epilepsy and Parkinson’s disease.




To Think About:





Dr. Boyden mentions epilepsy and Parkinson’s disease as two examples of abnormal neuron function. What are some other brain diseases that could benefit from this technology?


What A Year! has reported on neurons before, in Regenerating Neurons (� HYPERLINK "http://www.whatayear.org/05_09.html" ��May, 2009�) and in Light Up Your Brain (� HYPERLINK "http://www.whatayear.org/11_08.html" ��November, 2008�), for example. Reread these two stories and see if you can make the connection from basic research to therapy for neuron diseases.


Why don’t you feel all the electrical impulses traveling along the neurons throughout your body? 


Speculate on why the Arch protein, found in bacteria from the Dead Sea, might be stimulated by yellow-green light.


Why is it considered risky to introduce Arch and Mac into human brains using a virus, even one that has proven safe and effective repeatedly?











