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Neuroscience circa 1781

Galvani + Volta stimulating frogs legs 



Discovery of the action potential

Operating du Bois-Reymond’s Multiplikator



Discovery of neurons

Neuron doctrine

Cells
1 nucleus/cell

Evidence:

Golgi stain showed 
individual neurons

Reticular theory

Syncytium
Multiple nuclei

Evidence:

Neural tissue hard to 
observe

1906 Nobel Prize in Physiology



Cell Biology: Organelles



Cell Biology: Mitochondria



Molecular Biology: The Nucleus 

Nucleus Cytosol Ribosome

Central Dogma



Neuronal cell biology

DAPI (nucleus)

Retrograde tracer (NAc)

Biocytin



Neuronal cell biology

Direction of action potential



Generating a membrane potential



Nernst and Goldman Equations

Bernstein applied nernst equations to neurons

Equilibrium potentials:

K+ = -90mV

Na+ = +60mV

Cl- = -70mV



Nernst and Goldman Equations

Nernst equation generalized by Goldman



Ion conductance

Ligand gated ion channel Voltage gated ion channel



Action potential: Hodgkin-Huxley 

A. L. Hodgkin, A. F. Huxley, and B. Katz, 1952. J Physiol



Action potential: propagation



Neuronal cell biology -- synapses

Direction of action potential
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Anatomy of a neuron

Apical 
Dendrites

Proximal 
Dendrites

Axon

Neuron
Excitatory synapse
Inhibitory synapse



Neuronal cell biology -- dendritic integration

Direction of action potential



Passive dendritic integration: timing

Resistor-capacitor circuit (RC)

The time to reach 1/e of the original value:

τ = RC

Change in voltage: 



Passive dendritic integration

rin = impedance to the transmembrane flow of charge.

ra = impedance to the flow of charge through the cytoplasm.

Length constant:

Length constant and 
relation to attenuation of 
VM = 



Passive dendritic integration: sublinear integration

…. n



Summation

S1

S2



Models of neurons



Voltage-dependent dendritic integration (i.e. supralinear)

Spruston et al., 1995. Science; 
Larkum et al., 2009. Science 



Dendritic integration: discriminating temporal sequences

Branco et al., 2010. Science



Neuronal diversity: anatomy

‘Beautiful Brain: The Drawings of Santiago Ramon y Cajal) 



Neuronal diversity: electrophysiology and connectivity

Jiang et al., 2015. Science



Neuronal diversity: gene expression 

Ziesel et al., 2015. Science



Takeaways
- Neurons look cool -- you should care about them

- Membrane potential generated via impermeable membrane + proteins

- Action potential via synaptic input, dendritic integration, and voltage 
dependent conductance

- Integration of inputs can be linear, supralinear or sublinear 

- Neurons are diverse


