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Algal photoreceptive proteins shine light on the “black-box” brain 
 
Mammalian brains are highly complex; billions of neurons are connected and 
communicate with each other. Neuron types with different characteristics and 
connectivities communicate via precisely timed only millisecond long-lasting electrical 
signals and a great variety of chemical substances. Electrical stimulation of cells with 
electrodes since Luigi Galvani (1737-1798) has given important insights, but also proven 
to be limited, since even the thinnest electrodes still stimulate a whole area of neurons 
and don’t allow to determine the specific role of a single neuron type within the network. 
Due to the brain’s enormous complexity, neuroscientists still don’t understand how the 
human brain exactly works – how activity patterns of certain neurons translate into 
thoughts, memories and emotions. Thus we also don’t understand how psychiatric 
diseases such as depression, autism or schizophrenia develop.  
 
In 1979 the Nobel Prize laureate Francis Crick (1916-2004) already speculated that light 
may be used to stimulate selectively certain neuron groups in the brain. And for about 40 
years biologists have been interested in how microorganisms react to light using 
light-sensitive proteins, which regulate ion-flow across the cell membrane in response to 
light. These so called opsins (like our visual pigment rhodopsin in the eye) allow 
organisms to detect ambient light as energy source as well as information source – and 
now these microbial rhodopsinsalso shine light on the “black box” brain!  
 
The modification of cellular activity by light through genetically encoded opsins from 
microorganisms is termed optogenetics. Neuroscientists from all over the world now use 
harmless, non-pathogenic virus to transfer the DNA coding for a microbial rhodopsin 
together with a “genetic address tag” for selective targeting into a certain neuron type. 
Optogenetics started in 2002 with the first publication by the Max-Plank-Institute of 
Biophysics in Frankfurt (Germany) led by Ernst Bamberg and was introduced to 
neuroscience in 2005 when a team at Stanford University in California led by Karl 
Deisserothinserted the blue light-sensitive channel from green algae, called 
channelrhodopsin-2, into neurons growing in a dish. Exposed to a pulse of blue light, the 
channels opened and a flood of positive ions poured into the neurons, making them fire.  
 



 

 

Optogenetics can steer neuron activity in both directions using different wavelengths of 
light – with blue light neurons are activated and with yellow light they are inactivated. 
Systems neuroscientists have longed for such an advance, which allows them their first 
real opportunity to pick apart the labyrinthine jumble of cell types in a circuit and test 
what each one does. Fiber optics combined with recording electrodes allow to 
light-stimulate neurons in freely moving animalswhile at the same time their electrical 
responses are recorded. Deisserothfor example manipulated circuit components in a rat 
model of Parkinson's disease to work out which parts might account for the relief afforded 
by deep-brain stimulation. Even if human brains never come under the control of lasers – 
as those of flies, mice and even monkeys now have – optogenetics will almost certainly 
lead to medical breakthroughs. 
Altogether, optogenetics changed our fundamental understanding of the role of excitable 
tissue in the healthy and diseased organism. A remarkable step forward considering that 
all began with the discovery of light-sensitive microbial proteins. The two talks of this 
session will give an insight of the use of optogeneticsto unravelthe mechanisms of 
neuronal networks (Akihiro Yamanaka, hypothalamic sleep/wake behavior) and to 
develop gene-therapeutic medical therapies (Jens Dübel, vision restoration). 
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