
Adult male and female DAT-IRES-cre;Ai32 mice mice express ChR2-EYFP in 
the plasmalemma of midbrain dopamine neurons were used. 

Following perfusion and brain sectioning, paraffin-embedded coronal sections 
from the striatum were used for experiments. 

Proximity ligation assay (PLA) was used to identify sites of dopamine neuron 
glutamate release. PLA allows
you to detect whether two 
proteins of interest are within 
20 nm distance of each other.
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Midbrain dopamine neurons play vital roles in reward, motivation, and 
learning (Ayano, 2016) and their dysfunction is related to neuropsychiatric 
disorders. 

Dopamine-related neuropsychiatric disorders are also associated with myelin 
dysregulation. 

Dopamine neurons co-transmit glutamate, a neurotransmitter known to guide 
populations of myelinating oligodendrocytes to their appropriate positions on 
the axon and regulate axon myelination. 

Oligodendrocyte precursor cells and mature oligodendrocytes express 
dopamine and glutamate receptors (Bongarzone et al., 1998; Bergles et al., 
2000). 

We recently identified dopamine neuron glutamate release sites within striatal 
white matter regions (striatal fiber bundles and the anterior commissure). 

This suggests that midbrain dopamine neurons that co-transmit glutamate may 
play a role in myelination regulation, possibly impacting neuropsychiatric 
disorders. 

The goal of this project was to characterize dopamine neuron glutamate release 
sites in striatal white matter by comparing them qualitatively and 
quantitatively to release sites within striatal gray matter.

We hypothesized that the size and density of release sites in striatal white 
matter would be smaller and less dense than those found in striatal gray matter. 

The overall smaller sizes of dopamine neuron glutamate release sites within 
striatal white matter as opposed to striatal gray matter is in line with our 
hypothesis.

However, we did not expect to see a higher density of release sites within 
striatal white matter compared to striatal gray matter. 

There needs to be further investigation into the following:

Why, even though there are overall fewer release sites within striatal white 
matter compared to gray matter, are the puncta in white matter more densely 
aggregated than those in gray matter? 

Why are these release sites present in the white matter in the first place?

How might dopamine neurons that cotransmit glutamate contribute to myelin 
regulation and plasticity? 

This research may promote new avenues of treatment for dopamine-related 
neuropsychiatric diseases.
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Puncta size in striatal white matter is smaller than in striatal gray matter:

- Release sites have an array of sizes. The smallest surface area is 0.512 µm2. 
- The same quantal peak (i.e., peak in unitary proximity events) was identified in striatal gray and 
white matter regions, but there are much fewer events in white matter compared to gray matter 
regions.
- In striatal gray matter, the majority of puncta sizes ranged between 15 – 25 quanta. 
- In striatal white matter, the majority of puncta sizes ranged between 8 – 15 quanta.  

Figure 2. Striatal brain regions
innervated by dopamine/glutamate
neurons.
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Figure 1. Midbrain dopamine neurons
mainly project from the VTA to the
striatum.

Figure 6. Density plots illustrating the distribution and density of puncta representing 
dopamine neuron glutamate release sites within the striatum.

Figure 5. Average histogram (n = 3) depicting the range of puncta sizes reflecting dopamine neuron glutamate release
sites observed within striatal gray matter [A] and striatal white matter [B]. Normal curve (red line) included for
reference to demonstrate that the puncta sizes are not normally distributed.

Density maps illustrate higher density of dopamine neuron glutamate 
release sites within striatal white matter than striatal gray matter:

Density of puncta within the anterior commissure (~20,000-25,000 puncta/10 
µm2) is higher than in the neighboring striatal gray matter (~10,000-20,000 
puncta/10 µm2).

Methods (Cont.)
Images were acquired with a Leica THUNDER microscope system using a 40x objective and 
brightfield optics.

Individual puncta within striatal gray and white matter were identified using
the Surface-rendering feature in Imaris. The Machine Learning feature of 
Imaris was used to sort the identified puncta into gray and white matter 
regions. The area (i.e., size), X,Y positions, and intensity data for each
individual punctum was then exported from Imaris. 

Heat maps were produced using a custom-created python algorithm and displayed in pseudocolor. 

Figure 3. Diagram illustrating how 
PLA is applied to the visualization of 
dopamine neuron glutamate release 
sites. PLA is applied using antibody 
probes for ChR2-EYFP in the 
plasmalemma of dopamine neurons 
and VGLUT2 within vesicles.

Figure 4. Micrographs of puncta representing dopamine neuron glutamate release sites within four 
subregions of the striatum. Note what appears to be smaller puncta within the anterior commissure as 
well as aggregates (black accumulations) in striatal fiber bundles.

Interpretation and Significance
PLA reveals dopamine neuron glutamate release sites within the striatum: 


