Why the Retina Uses Parallel Channels

Retina ~ 0.3 % of brain

- comprised of ~75 “types” that repeat

- conserved across species

- optimized across levels (# rhodopsin/G
protein/PDE/channels; number of synapses....

=>“symmorphosis”

- operate to physical limits: diffraction, photon fl uct,
diffusion speed.

- insect & vertebrate governed by same constraints

How retinal circuits optimize the transfer of visua I
information.

Chapt.17 pp. 234-259 in The Visual Neurosciences ed . Chalupa and
Werner, MIT Press 2004
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Interrogating a ganglion cell
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Interrogating a ganglion cell
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bipolar neurons: ten types

(Wassle & Boycott, 1991)

(Euler & Wassle, 1995)

(Ghosh et al., 2004)
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alpha: ‘brisk-transient’
beta: ‘brisk-sustained’
rest: ‘sluggish’

Masland, 2001
(Berson)
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Brain uses 20% of total energy. Cortex: ~47% = spikes

~ 34% = epSsCS (Attwell &Laughlin 2001; Lennie, 2003)
~81%

Retina: highest metabolic

rate in brain. (ames, 2000

D. Hubel

Hypotheses

1) Channels transmit information at different rate  s.
2) Lower rates use fewer synapses.
3) Fewer synapses use finer axons.

4) Lower rates are relatively cheaper.
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de Ruyter von Steveninck & Laughlin, 1996
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S. DeVries

cat

Bipolar axons differ: number of ribbons and thickne

Cohen & Sterling, 1990

Dr. Peter Sterling, University of Pennsylvania (KITP Brain Program 8/18/04)

17



Why the Retina Uses Parallel Channels

>

}
L
%
¥

@
&~

%/ *
f//”

134
ribbons

2um

ﬁaéﬁﬁ 2 %f“i%sg\“

%

nbbons

mouse

Tsukamoto et al., 2001

Brisk vs. sluggish: different bandwidths
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GCs with lower information rates use finer axons

N = 10,900

Number of fibers

ratio of diameters: ~58

Messages on thick and thin axons arrive nearly simulta neously.

Distance to LGN: 17 mm

mean axon diameter: ~1.0 um
arrival time: 2.6 ms

largest axon: ~7 um
arrival time: 1.2 ms

difference: 2.1 ms
smallest jitter: 3.3 ms

guinea pig
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Info rate: sluggish < brisk

Info cost: sluggish < brisk
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Summary

Channels transmit information at
different rates.

Lower rates use fewer synapses.

Fewer synapses use fewer
microtubules, thus finer axons.

Lower rates are relatively cheaper.

Conclusion

Where a postsynaptic neuron can
accept a lower information rate,
retina should send it slowly.
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Next steps

For each ganglion cell type:

-- number of excitatory (ribbon) inputs.

-- number of central boutons.

-- information rates during natural vision!

-- energy capacity.
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