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Canwe understand computation in the brain?

100 billion (1011) neurons, 10 000 synapses per neuron



Starting with a simple question: Wheream I? 

Howdoesthe braincomputeposition? 

Howdoesthe brainmaintainand updatea representationof self-location? 

Howis informationabout location storedin memory?

McNaughton et al. (2006), Nature Rev Neurosci7, 663-678.



Experimentalstudyof spatial mappinghas a longhistory

Edward C.Tolman (1948): 
έCognitivemapsin rats and ƳŜƴέ



Taking cognitioninto the brain

Donald O. Hebb

The Organization of Behavior(1949)

David Hubeland Torsten Wiesel

Response:

Stimulus:

Concepts: * activitydependent plasticity
* cellassemblies

Tools: *single unit recordings



Target location in dorsal CA3

Place cellsin the hippocampusόhΩYŜŜŦŜ ϧ Dostrovsky, 1971) ς

a window to corticalcomputation

Laura Colgin, Kavli Institute for Systems Neuroscience
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Whereand how are the placesignals computed?

The rodent hippocampus
(Andersen, Blissand Skrede, 1971)

Brun et al., (2008). Neuron, 57, 290-302 

Entorhinalcortex
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CA1 cellscontinueto 
expressplacefields
after lesionof the
indirect
intrahippocampal
pathway, 

i.e. spatial signals may
be conveyedby the
direct entorhinal-
hippocampalpathway

Brun et al. (2002). Science296:2243-2246
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Place information maybe imported from entorhinal cortex
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Room!Ω30 min

Fyhnet al. (2004). Science305:1258-1264

Werecordedfrom the part of medial 
entorhinalcortexthat providesthe
strongestinput to the dorsal 
hippocampus, wheremost placecells
have beenrecorded
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Entorhinalcellshave sharpfiring fieldsbut eachcellhas multiple 
fieldsand the fieldsexhibita regularpattern



Grid-cells: the metric of the spatial map

Haftinget al. (2005). 
Nature436:801-806

The firing pattern is similar to the grid of a map

1m



1. The anatomicalstructureof the grid map



Grid cellshave three dimensionsof variation

2. Spatial frequency 
(scale, spacing)

3. Spatial orientation (tilt )

1. Spatial phase(displacementof
nodes in x-y coordinates)

Grid cellsmaybe organized 
according to these dimensions

Cell 1 Cell 2



1. Grid phaseis distributed

3 colocalizedgrid cells:

Thus, the completeenvironment is representedthroughout the medial entorhinal cortex

Haftinget al. (2005). Nature436:801-806



2. Grid frequency(scale) is 
topograhicallyorganized

Grid sizeincreasesfrom dorsal to 
ventral MEC

Haftinget al. (2005). Nature436:801-806
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Fyhn et al. (2004). Science305:1295-1298

Largerenvironmentsmaybe needed

Is the entire dorsoventralaxisinvolvedin the spatial map?


