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Measuring vesicular release from neurons
Danny O'Hare
The human brain consists of around 100 billion neurons each making 100010,000 synaptic connections. The activity of the brain is electrical but the
connections between neurons are primarily chemical, across a specialised
structure called the synapse. At the synapse, vesicles containing
neurotransmitter fuse with the cell membrane and release their contents into the
synaptic cleft. The transmitter molecules (typically 10,000-100,000 molecules
per vesicle in our systems) diffuse across the synaptic cleft (around 200 nm)
where some of them engage with receptors triggering another wave of electrical
activity in the post synaptic cell. This should only happen once per wave, so any
remaining neurotransmitter needs to be mopped up by membrane-bound
transporter proteins so they can be broken down or re-packaged.
We can measure neurotransmitters using microelectrodes. The diagram below
shows the experimental set up:

The neurotransmitter molecules are oxidised electrochemically at the surface of a
small carbon fibre electrode at a sufficient rate that the surface concentration at
the electrode is zero. The resulting current gives an instantaneous measurement
of the rate of oxidation. The electrodes are around 7 µm discs placed about 200
nm from the cell membrane. We can show that we mostly detect only one
vesicle at a time using electrodes of this size. The transmitter concentration rises
effectively instantaneously, the falls away, due to (i) diffusion away (ii) re-uptake
by the cell (iii) diffusion limited consumption by the microelectrode. The current
tracks this concentration.
This is what the recordings look like:
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The initial release from the vesicles takes place rapidly (the diffusion coefficient
of the neurotransmitter in the cleft is of the order of 10-10 m2 s-1, so this can be
modelled as a Dirac function). We have done some simple mathematical analysis
assuming uniform uptake of the neurotransmitter over the surface of the cell,
which suggests the decay in concentration is exponential. We extract the area,
peak height and exponential time constant from the data as shown in the sketch
below:
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However, our experimental data do not match up well with the mathematical
predictions, and we think this could be due to the fact that absorption of the
neurotransmitter actually occurs only at localised sites on the cell surface. We
would therefore like a better model to be developed that incorporates this effect.
The model should predict how these (or other experimentally measureable
parameters) vary with (i) amount of transmitter released (ii) rate constant for reuptake.
Biological relevance We have found that with age, there are significant and
large increases in both peak area and time constant. We think this is an
adaptation to loss of post-synaptic sensitivity with age. A decent model would
help immensely.

An additional but related problem
Is there an easy way of automating data extraction? I can supply Gbs of data if
necessary. The signals are low current and therefore noisy. The noise is not
white, comprising large amounts of power at 50 Hz and harmonics. Furthermore,
the electrode-solution interface is rectifying to some extent.
1. How can we remove noise without removing the vesicles’ signals? We know
that the vesicles are of 0.2-5 ms duration.
2. We only want to analyse single events, not multiple vesicle fusion. At the
moment, we use Savitzky-Golay smoothing, differentiate and count the zerocrossings. More than one zero-crossing means multiple events and we discard
that signal. This is a little uncertain since differentiating a noisy signal is always
bad.
3. The baseline drifts a fair bit. Time constant calculations should not be affected
by this but peak area and peak height will need to be corrected by e.g. rubberbanding the baseline.

