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ON RESPONSE

Primary Disciplinary Field(s): Neuroscience, Sensory Physiology, Vision Science

1. Core Definition

The On Response refers to a highly specific electrophysiological phenomenon in the visual

system characterized by the rapid depolarization and subsequent increase in the firing rate (action

potentials) of certain neurons immediately following the onset of a light stimulus. This mechanism

is foundational to visual perception, serving as the neural code for signaling increments in

illumination or the transition from darkness to light within a specific segment of the visual field. The

neurons responsible for this reaction are often functionally classified as on cells.

These specialized cells--found initially in the retina among bipolar and retinal ganglion cells--are

uniquely sensitive to the temporal derivative of light intensity, meaning they respond most

vigorously to the rapid commencement of light rather than to sustained illumination levels. Their

primary role is to ensure the speedy and reliable detection of new light sources or the appearance

of bright objects against a dark background.

The fidelity of the on response is crucial for the processing of dynamic visual input, contributing

significantly to tasks requiring high temporal resolution, such as motion detection and tracking. This

response represents one half of the visual system's fundamental strategy for encoding luminance

changes, functioning in direct opposition to the Off Response.

2. Mechanism of Depolarization

The generation of the on response involves a complex cascade of events originating in the outer

retina. Under conditions of darkness, photoreceptor cells (rods and cones) are depolarized and

continuously release the inhibitory neurotransmitter, glutamate. The initial trigger for the on

response occurs when light strikes the photoreceptors, causing them to hyperpolarize. This

hyperpolarization, in turn, reduces the steady release of glutamate.

The key to the inversion of the signal lies in the specialized receptors possessed by on bipolar

cells. These cells express metabotropic glutamate receptors (mGluR6) which are inhibitory.

Therefore, when light causes the photoreceptor to reduce its glutamate output, the on bipolar cell is

effectively disinhibited. This disinhibition results in the depolarization of the on bipolar cell

membrane.

This depolarization propagates the 'light-on' signal to the subsequent layer of the retina--the on

retinal ganglion cells. These ganglion cells translate the graded potential received from the

bipolar cells into all-or-nothing action potentials (spikes), which are then transmitted via the optic
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nerve to higher processing centers, such as the Lateral Geniculate Nucleus (LGN). Thus, the on

response represents a sequence where light triggers inhibition at the photoreceptor level, leading

to excitation at the bipolar cell level.

3. Organization of Receptive Fields

The functional architecture underlying the on response is defined by the organization of the

neuron's receptive field, which is classically structured in an antagonistic center-surround

arrangement. For an on cell, the center of the receptive field is excitatory, meaning that illumination

falling specifically onto this central area elicits the maximal firing response--the on response.

Conversely, the surrounding region of the receptive field in an on cell is typically inhibitory. Light

falling on the surround region suppresses the cell's activity, often inducing hyperpolarization. This

antagonistic structure is critical because it prevents the cell from firing indiscriminately in response

to uniform illumination across the entire field. Instead, the cell becomes a specialized detector for

contrast edges, signaling changes in luminance that occur at specific spatial boundaries.

This precise spatial tuning means that the strongest on response is generated when a small spot

of light perfectly matches the size and location of the excitatory center, while illumination that spills

over into the inhibitory surround reduces the overall output. This center-surround antagonism is

maintained throughout the early visual pathway, optimizing the visual system's capacity for detail

and boundary extraction.

4. Contrast with Off Response

The efficiency of the visual system relies on the strict segregation of light-increment signaling (the

on response) and light-decrement signaling (the off response). This parallel processing strategy

involves two distinct sets of neurons that operate using complementary mechanisms, ensuring that

both the appearance and disappearance of light are signaled with maximal speed and clarity.

While on cells are hyperpolarized by darkness and excited by light onset, off cells exhibit the

opposite behavior. Off cells possess ionotropic glutamate receptors (AMPA/Kainate types) on their

bipolar cells. When light is removed (i.e., darkness returns), the photoreceptors depolarize and

increase glutamate release. This surge of glutamate is excitatory to the off bipolar cell, causing it to

depolarize and fire, generating the off response.

The functional utility of this dual coding is substantial. It ensures that light boundaries and moving

objects are processed robustly, regardless of whether the object is brighter or darker than its

background. The parallel nature of the on and off pathways is not merely redundant; it appears that

the off pathway may be slightly faster and provide better spatial resolution, whereas the on

pathway excels in detecting signals in low-contrast environments.
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5. Significance in Neural Coding and Perception

The on response constitutes a fundamental building block of spatial and temporal vision. By

quickly signaling the presence of light, the on pathway provides essential input for the detection of

motion. When an object moves, it sequentially activates adjacent on cells (and/or off cells), and the

temporal sequence of these responses is interpreted by the brain as movement.

Furthermore, the on pathway contributes significantly to the perception of brightness and contrast.

The initial burst of spikes associated with the on response provides a highly reliable metric of the

luminance change, which is critical for object recognition and scene segmentation. The integrity of

this signaling strategy underlies the brain's ability to reconstruct the dynamic environment

accurately.

Disruption of the on pathway can lead to profound deficits. Conditions such as certain forms of

Glaucoma or ischemic retinopathy can selectively damage the on cells of the retina, leading to

difficulties in seeing bright areas or detecting moving objects, particularly under low contrast, thus

underscoring the indispensable role of the on response in normal visual function.

6. Research and Methodological Applications

The study of the on response has been instrumental in advancing neuroscientific research

methodologies. Electrophysiological techniques, particularly intracellular recordings and patch-

clamping, were crucial in mapping the antagonistic center-surround receptive fields and elucidating

the synaptic mechanisms that differentiate on and off pathways in retinal cells.

Modern research often utilizes techniques like calcium imaging and optogenetics to precisely

monitor the activity of on cells in real-time, allowing researchers to study how these cells integrate

complex temporal and spatial stimuli. These methods have confirmed that the basic on response

architecture is evolutionarily conserved across many species, highlighting its fundamental

importance in sensory processing.

From a clinical perspective, understanding the on response is vital for developing effective

treatments for retinal diseases. Knowledge of the selective vulnerability of on cells in certain

pathologies guides the design of retinal prosthetics and gene therapies aimed at restoring light

sensitivity by directly activating the remaining inner retinal neurons in a manner consistent with the

natural on signaling pathway.

Further Reading

On-off cell - Wikipedia

Lateral Geniculate Nucleus (LGN) - Wikipedia
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Glaucoma - Wikipedia

Calcium imaging - Wikipedia
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