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ON-CENTER BIPOLAR CELL

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

1. Core Definition

The On-Center Bipolar Cell is an essential second-order neuron within the retina, functioning as a

critical relay station that transmits electrical signals generated by photoreceptors (rods and cones)

to the subsequent retinal layers, specifically the amacrine and ganglion cells. Its designation as

"on-center" reflects its highly specific response profile to light stimulation within its defined

receptive field. The cell is characterized by being depolarized--meaning it is excited and increases

its release of neurotransmitters--when light falls upon the core (center) of its receptive area.

Conversely, the cell is actively hyperpolarized--inhibited or hindered--when light stimulates the

concentric surrounding area of that same receptive field.

This antagonistic organization--an excitatory center flanked by an inhibitory surround--is the initial

step in the visual system's fundamental task of processing contrast, edges, and spatial boundaries.

The On-Center Bipolar Cell is fundamentally tuned to detect local increments in illumination. It

operates not merely by signaling the presence of light, but by signaling the difference in light

intensity between a small, precise central area and its immediate periphery. This computational

efficiency is vital, as it allows the visual pathway to filter out irrelevant background noise and focus

neural resources on salient spatial changes.

2. Functional Mechanism: The Receptive Field

The unique signaling behavior of the On-Center Bipolar Cell is determined by its specific synaptic

connectivity with photoreceptors and the specialized receptor proteins it expresses. Photoreceptors

function counter-intuitively in the dark: they are depolarized and continuously release the inhibitory

neurotransmitter glutamate. When light strikes a photoreceptor, it hyperpolarizes and *stops*

releasing glutamate.

The key to the On-Center response lies in the type of glutamate receptor found on its membrane.

On-Center Bipolar Cells possess metabotropic glutamate receptor subtype 6 (mGluR6). In the

dark, when high levels of glutamate are present, the activation of mGluR6 leads to an inhibitory

cascade, causing the On-Center cell to hyperpolarize. When light strikes the center of the receptive

field, the associated photoreceptors cease glutamate release. The resulting reduction in glutamate

disinhibits the On-Center Bipolar Cell, causing it to depolarize and initiate an excitatory signal.

Thus, the cell signals "on" when the light stimulus commences.

The inhibitory surround mechanism is primarily mediated by horizontal cells. These lateral neurons

receive input from numerous photoreceptors across a wide area and project inhibitory feedback
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onto the photoreceptor terminals or feed forward directly to the bipolar cells. When light stimulates

the surround, horizontal cells activate and inhibit the central photoreceptor-to-bipolar cell synapse.

This powerful lateral inhibition sharpens the contrast sensitivity, ensuring that a uniform sheet of

light causes minimal output, while a distinct spot of light generates a maximal, focused response.

3. Classification and Forms

The population of On-Center Bipolar Cells is physiologically heterogeneous, segregated into

subtypes based primarily on the photoreceptor input they receive, aligning with the dual

requirements of the human visual system: high sensitivity in low light and high resolution in bright

light. The two major functional classes are rod-dominant and cone-dominant cells, which maintain

separate visual processing pathways up to the level of the amacrine cells.

The Rod Bipolar Cell is the sole type of bipolar cell dedicated to processing information from rods,

supporting scotopic vision (vision in dim light). These cells are exclusively On-Center. Given the

low light intensity in scotopic conditions, rod bipolar cells are highly specialized for signal

amplification and convergence, receiving input from multiple rods to maximize sensitivity. They

operate through a unique synaptic arrangement that allows the pooling of weak signals. Crucially,

rod bipolar cells do not typically synapse directly onto ganglion cells; instead, they converge onto

A2 amacrine cells, which then distribute the signal to the cone pathway's ganglion cells, illustrating

the convergence necessary for night vision.

Cone Bipolar Cells process signals from cones, supporting photopic (daylight) vision and color

perception. These cells are divided into both On-Center and Off-Center types, maintaining parallel

processing streams. Cone On-Center Bipolar Cells are further subcategorized based on their

dendritic fields and connectivity, such as midget or diffuse cells. Midget Bipolar Cells typically

contact only one or two cones, forming the basis of the retina's P-pathway, which is essential for

detailed, high-acuity spatial vision and color discrimination.

4. Key Characteristics

The functional identity of the On-Center Bipolar Cell is underpinned by several non-negotiable

physiological characteristics:

Inverted Synaptic Response: The cell is activated by a decrease in the concentration of

glutamate at the synapse, meaning that the photoreceptor signal acts as an inhibitory trigger in

darkness and a disinhibitory (excitatory) trigger in light.

Metabotropic Receptor Dependence: Unlike the Off-Center pathway, which uses fast ionotropic

receptors, the On-Center pathway relies on the slower, G-protein coupled mGluR6 receptor

pathway to convert the inhibitory dark signal into an excitatory light signal.
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Center-Surround Antagonism: The receptive field structure is strictly concentric, ensuring that

maximal response occurs only when there is a differential illumination across the field, driving the

detection of spatial edges and contrast.

Light-Induced Depolarization: The cell responds to the presentation of light (the "on" stimulus)

with depolarization, which ultimately leads to an increased rate of neurotransmitter release onto the

subsequent amacrine or ganglion cells.

5. Significance in Signal Processing

The profound significance of the On-Center Bipolar Cell lies in its contribution to the creation of

efficient, contrast-based visual signals. By establishing the antagonistic receptive field, the cell

performs a critical filtering operation that maximizes the detection of spatial discontinuities--the

edges of objects. If the entire visual field were uniform, the center and surround effects would

cancel each other out, resulting in a null or minimal output from the bipolar cell. This mechanism

ensures that the retina is not overwhelmed by continuous background luminosity.

Furthermore, the On-Center cells specifically encode information related to the brightening of a

region. They are the neural substrate for detecting light stimuli against a dark background. This

separation of information into "light-on-dark" signals (via On-Center cells) and "dark-on-light"

signals (via Off-Center cells) creates two parallel pathways that rapidly and robustly convey all

necessary contrast data to the brain. This parallel coding improves reliability and allows the visual

system to react quickly to changes in illumination, irrespective of whether the change is an

increase or a decrease in light intensity.

6. Contrast with Off-Center Cells

The visual system employs a principle of fundamental duality, necessitating the existence of the

Off-Center Bipolar Cell to complement the On-Center pathway. These two classes of cells are

reciprocally organized to guarantee comprehensive encoding of all contrast information. While the

On-Center cell is excited by an increase in light intensity, the Off-Center cell is excited by a

decrease in light intensity (i.e., when the light turns off or a shadow appears).

This functional distinction arises from synaptic differences. Off-Center Bipolar Cells utilize

ionotropic glutamate receptors (iGluRs), such as AMPA or Kainate receptors, which are

excitatory. In darkness, glutamate released by the photoreceptor activates these iGluRs, causing

the Off-Center cell to depolarize. When light strikes the photoreceptor, glutamate release stops,

and the Off-Center cell becomes hyperpolarized and inhibited. This structural dichotomy ensures

that the entire visual scene is encoded simultaneously in two complementary neural images: one

highlighting areas of brightness increase, and the other highlighting areas of darkness increase,

laying the groundwork for complex pattern recognition in the visual cortex.
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7. Further Reading

Bipolar Cell (Retina)

Receptive Field

Lateral Inhibition

Photoreceptor Cell
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