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Figure #4: Horizontal System (HS) neuron overview and structure. Samples contained transgenic reporters mi-
tochondria targeted GFP (mitoGFP)(green) and tdTomato(magenta). Max projections complied from confocal microsco-
py data. HS neuron overview with corresponding focused panels (A-D) of (A)axonal projections; (B)cell bodies;   
(C)primary dendritic arborization; (D)distal dendrites.
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Figure #3: Mitochondrial Morphology in HS neurons of Drosophila. Confocal microscopy of mitoGFP reporters in 
Horizontal system(HS) neurons of 7-day old Drosophila brains. (A) Overview of the optic lobe of Wild Type (Control), 
PINK1-overexpression (PINK1) and Parkin-overexpression (Parkin) flies. (B) Focused images of the primary arborization 
of HS neurons. Fragmentation of mitochondria is evident in PINK1 and Parkin samples. Further quantification is needed to 
verify this result. (For genotypes analyzed, see below right)

Experimental Design of Drosophila Brain Imaging

Figure #2: Microscope Slide with Drosophila Brain  
expressing HS neurons; bounded by microscope slip covers.
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Dissection and Immunostaining
• Mitochondria were labeled using the GAL4/UAS system to drive expres-

sion of mitochondria targeted GFP (mitoGFP) and a cytosolic volume 
marker, tdTomato. these reports were expressed in HS neurons alongside 
PINK1 and Parkin overexpression.

• I dissected and cleaned multiple sets of brains, fixed them in formaldehyde, 
permeated in PBST, and blocked in Normal Goat Serum (NGS).

• Samples were then immunostained in anti-GFP, anti-dsRed and anti-NC82 
antibodies. For this experiment, I helped to develop a dissection and         
immunostaining protocol for the Barnhart lab.

Imaging and image analyses
• I transferred samples to microscope slides and encased them in gold         

antifade (Fig 2).
• I imaged the brains under an oil emersion, 63x confocal microscope at 

varying magnifications and laser powers. Brains were imaged in primary 
regions of the HS neuron: Primary dendrites, distal dendrites, cell bodies 
and axonal projections (fig 4).

• Microscope data were compiled into MAX projections where the back-
ground was then removed. Then, each image was de-speckled for clarity. 

• Image analyses and development was done in Fiji.

 A stable and healthy population of mitochondria is crucial to maintain      
cellular health. This is especially challenging in neurons which contain extensive 
dendritic arborizations and require large reserves of energy.2 In normal ATP 
(energy) production, mitochondria generate reactive oxygen species (ROS) 
which are damaging to mitochondria themselves. Although equipped to handle 
the stresses of ROS, mitochondria can get overwhelmed by oxidative stress and 
become a liability to cellular health.3 To stave off neurodegeneration, and to 
maintain cellular health, neurons must regularly turn over their population of   
mitochondria via varying degradation pathways.4 Breakdown of the mitochon-
drial network in neurons has been implicated in numerous neurological          
diseases, namely Parkinson's Disease.5 One pathway of mitochondrial degra-
dation, mitophagy, involves the action of two proteins: PTEN-induced kinase 1 
(PINK1), and the ubiquitin ligase, Parkin. In healthy  mitochondria, PINK1 is  
imported into the inner mitochondrial membrane, and is subsequently degrad-
ed. However, in damaged mitochondria, PINK1 accumulates on the surface of 
the organelle, and recruits Parkin, which flags the   mitochondria for degrada-
tion6(Fig 1). The relative contribution of mitophagy to overall mitochondrial 
turnover remains unclear.7 In this study, PINK1 and Parkin proteins were     
overexpressed in HS neurons of the Drosophila visual system.

• Visual inspection indicates that PINK1 and Parkin overexpression leads to 
greater mitochondria fragmentation (Fig 3). Quantification of mitochondri-
al morphology as well as greater sample size are needed to confirm this 
result.

• While the contribution of PINK1 and Parkin to overall mitochondria   
turnover remains unclear, our results suggest these proteins may affect   
mitochondrial morphology.

• Overexpression of PINK1 or Parkin may upset a fission/fusion balance  
typically observed in mitochondria with fission exceeding fusion.8 This 
result could help explain the increased fragmentation pattern observed 
here.

• Our future studies will utilize greater sample size, better immunostaining 
and dissection protocols, and quantitative data analyses.

• We will aim to determine how PINK1 and Parkin mutations effect mitochon-
drial morphology in varying regions of the neuron (Fig 4).

• While this study focused on HS neurons, future studies will determine how 
PINK1 and Parkin effect multiple neuronal types. This is important in   
determining how appreciable mitophagy is across varying cell types as 
well as overall mitochondrial turnover.
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Genotypes of Drosophila Samples

(A) Control Samples; (B) PINK1 Overexpression; (C) Parkin Overexpression.


