
Neuroscience 2: 

Lecture 1: Topography of the Brian and the Spinal Cord 
 
Importance of the Brain and Spinal Cord 

- They are both constituted from unique collection of tissues of the NS  
- The NS is unique for being the most sophisticated product of evolution 
- When the brain and spinal cord are taken together, they:  

o Constitute the main substance of the NS  
o Make up what is referred to as the CNS  
o Are responsible for carrying out and co-ordination all body’s functions 

NS is made up from a large number of cells, the entire NS is complex  
 
CNS is different from the PNS but there is a boundary where they cross (there is a continuum).  
They can work together; the boundary is a site of all sorts of functions of the NS 
The boundary is called the Redlich-Obersteiner’s Zone. Afferent system is a sensory system and the 
efferent system is the motor system.  
The Efferent can be split into the somatic and the autonomic NS. The afferent NS can be split into 
sympathetic/ parasympathetic and the enteric NS.  
 
CNS is characterized by encasement of the cranial and the vertebral column. There is a soft tissue 
encasement in the meninges, and it is suspended in the CSF. IT is responsible for the sophisticated 
functions of the NS.  
 
Peripheral NS:  
12 pairs of Cranial Nerves  
31 pairs of Spinal Nerves  
25 pairs of Autonomic Ganglia  
31 pairs of Sensory Ganglia  
Nerve plexuses  
Enteric Nervous System  
 
Cell types in the CNS:  
2 broad types:  

- Neurons (10%) = responsible for sophisticated function 
- Neuroglia (90%) 

 
Multiple differences between the cell types:  

- General functions 
- Ion channel expression (Glial cells have no Na+ channels) 
- Diseases that target them and that they give rise to  
- Diversity of Connections 

 
 
General Anatomy of a Neuron:  
Myelinated:  
Presence of a cell body and axon. Dendrites are not required but can be present. Single axon can 
eventually be branched out to affect many targets. Axon can be myelinated by the glial cells and this 
transmits impulses much faster.  
CNS – Oligodendrocytes provide Myelination 
PNS – Schwann Cells provide Myelination 
Unmyelinated section is the Node of Ranvier. The myelination provides saltatory conduction. The 
initial segment of the axon is never myelinated, and it expressed Na+ channels to allow the initiation 
of an AP.  
 
Cranium, Calvaria and the Brain:  
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Lecture 4: Ion Channels: Molecular Structure 
 
Correlation of Structure with Function for VG channels:  
 
Na+ Channel Cloning:  

- Biochemical isolation: Isolate the protein using TTX (selective blocker of Na+ ion channels).  
TTX is obtained from the electrical organ of an eel. The electric organ is able to generate a 
short current and it contains a large number of Na+ VG channels.  
Na+ channels have:  
Alpha Subunit (260 kDa) + Beta (1 and 2). Alpha subunit on its own can function as an ion 
channel.  
Partial AA sequence is made using enzymes. Nucleic probes encode for AA  
 
Cloning – cDNA is made from tissue mRNA. cDNA is then inserted into E.coli to give a 
clone DNA. Screening is then done, using probes to identify the bacteria that expresses the 
VG Na+ Channels. cDNA for the alpha subunit is 2000 AA.  
 

 
Channel Structures:  
We correlate the structure to function  
Membrane topology – arrangement of polypeptide chain. It is determined using hydrophobicity of 
each AA.  
Na+/ Ca+ channel – the hydrophobic sections are most likely to span the membrane.  
Alpha Subunit: has 4 domains (repeats which are not identical) of 6 membrane-spanning segments 
(S1-S6), 24 in total). Each domain has a similar AA sequence. This shows that VG Na+ channels 
evolved from 4 different gene to produce 1 gene. There are chains of AA between each domain.  
One alpha subunit forms a channel  
Domains are arranged around a central pore.  
 
VG K+ channels are smaller than VG Na+ channel gene. They encode 6 transmembrane sequences. 
The structure is not large enough to make a pore, so it is hypothesised that 4 separate alpha subunits 
come together to form a channel.  
All ion subunits have accessory subunits, but they are not vital for function 
 
Arrangement of Alpha Subunits:  

- 4 main domains of a single alpha subunit to form a Na+ pore, these arrange themselves 
through a central pore. This arrangement means that the ion does not come into contact with 
the lipid bilayer since it is protected by the protein 

- 4 alpha subunits to form a K+ channel pore.  
 
Functional Characterisation:  
Injection of mRNA coding sequence for Na+ VG protein expressed into a Xenopus Oocyte. A cloned 
mRNA from the Na+ channels show a current, but the inactivation is different. The rate is the same 
but the inactivation of the channels is quite slow. This is a result of a lack of Beta-subunits.  
 
Opening is voltage dependent: shown by gion/Vm relationship.  

1) Quantify effect of channel mutation on response to Vm 
We use a WT and mutant channel. For each channel, we generate g vs Vm  

Measure V1/2: the Vm where g is half the maximal voltage where the conductance is half its maximum 
value. (50% of channels are open here)  
This quantifies the voltage-dependent-ness of the channels 

2) So V1/2 is a simple measure of voltage-dependency  
3) For mammalian Na+ cahnnels V1/2 = ~30 mV 
E.g. 50% of the wt channels are open at -30 mV  
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Lecture 10: Motor System I  
 
Cerebral Cortex and Voluntary Movement – motor cortex and sensory input  
Descending Motor Pathways – Lateral (voluntary) and Ventromedial (brain stem control)  
Spinal Cord – Motor Neurons, Sensory Input and Local Reflexes 
 
 fibres are the only nerve fibres in the ventral horn of the spinal cord that makes a connection with 
the muscle. They facilitate contraction but their activity is controlled by other pathways.  
 
Motor Neurons are important for movement. Sensory information informs movements and gives 
feedback to movements to allow adjustments (proprioceptive information). Simple Reflexes show that 
the spinal cord has the ability to generate movement independent of the brain.  
 
Descending Motor Pathways:  
Lateral: Involved in Voluntary Movements  
Ventromedial: Unconscious Muscle Movements E.g. Posture, Standing, Moving Neck due to eyes in 
order to keep us stable  
 
Motor Cortex has sensory input coming into the brain.  
 
Motor System:  

 
Output from a spinal cord is the -motor neurons which control muscle contraction and the idea of 
sensory receptors is monitoring movement and sending information back as a feedback loop to the 
spinal cord. There are also voluntary movements that uses the connection of the cerebral cortex and 
the spinal cord. Connections also come via the brainstem, but this is with the more unconscious 
movements.  
Side loops are present to modulate movement and motor memory.  
 
Features: 
Hierarchical Organization 
Feedback Loops  
Somatoptopic Representation – the neuron in the cerebral cortex is connecting to a particular muscle 
and there is sensory feedback as well 
 
Basic Types of Movements:  

1. Reflex 
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Patients without an Amygdala do not fear and are not able to recognize emotional facial 
expressions especially feat.  
Emotional Memory is important to interpret sensory input and so it helps us give meaning to the 
information that arrives to the brain at that time  
 

 
 
 
Stimulus will be picked up by the sensory cortex and it will be then be send to the amygdala. If this is 
the first time you’ve experiences the stimulus, there will be no memory associated to it. Amygdala 
will not have a role since there is nothing within the circuitry that would allow us to associate the 
stimulus with a previous experience.  
If we have experiences this before, we are highly alerted to the stimulus. If the stimulus passes 
through the amygdala, the amygdala has the ability to interact with the hypothalamus and affect the 
autonomic NS and also send the information to the brain stem. The brainstem has a region called 
PAG, which is important for our behavioral response. If we activate PAG, we get the Freezing 
Response. The basolateral nuclei send their connections up to various parts to the cortex, cingulate 
cortex and neocortex. This is where we have our emotional experience.  
 
Aggression:  
Amygdala is also associated with aggression. Lesions within the basolateral amygdala causes a 
change in affective aggression. Lesions within the corticomedial nuclei causes a predatory aggression 
There is overlap between aggression and fear but we do not understand the relative differences when a 
person is experiencing fear based emotion and anger based emotion 
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o Proliferation  
o Upregulation of NO, release of pro-inflammatory cytokines (TNF- IL-1) – 

This occurs only when activated since they regulate certain genes.  
- This resulted in a neuroinflammatory response 

 
Neuroinflammation and CNS disorders:  
Activated microglia can be neurotoxic – they are identified during brain damage  
Long-lasting microglial activation linked to pathological processes  
There is possible involvement in:  

- Neurodegeneration (Alzheimer’s/Parkinson’s)  
- Ischemic Brain Damage  

Activated microglia can also activate astrocytes  
 
Definition of disease: Disruption of normal homeostatic mechanism  
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