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LOCAL RESEARCH SPOTLIGHT

“WE HAVE TOO MANY MOUTHS TO FEED.”  
That is how J. Paul Bolam and  Eleftheria K. 
Pissadaki put it in their 2012 article Living 

on the Edge With Too Many Mouths to Feed: Why Dopamine 
Neurons Die.3  With projections reaching as far as one meter 
long, neurons pose a unique challenge when it comes to 
supplying each part of the cell with energy.3  Mitochondria 
are the cellular components responsible for using glucose to 
make adenosine triphosphate (ATP), which powers many of 
the cell’s functions.  Neuron cells are particularly reliant on 
mitochondria because they provide neurons with 95% of their 
required ATP.4 The issues that can arise from this situation are 
apparent when one considers that mitochondria are made in 
the cell body and must be shipped out to the cell’s projections 
to supply ATP locally.4 When Bolam and Pissadaki talk about 
“mouths to feed,” they are referring to the synapses at the 
ends of these projections.3 The synapse is the location where 
communication between neurons occurs.  As soon as the 
mitochondria can no longer supply all of the needed energy 
to the synapses and along the length of the projections, the 
cell’s ability to communicate is diminished. As a result, the 
projections begin to wither and the cell will eventually die.3

How neurons deal with these challenges and, perhaps more 
importantly, how they fail to, is the research focus of the Schwarz 
Laboratory at the Boston Children’s Hospital.  Graduate student 
and lab member Himanish Basu explained the importance of 
this focus by pointing to the way that mitochondrial motility 
goes wrong in so many neurodegenerative diseases, including 
amyotrophic lateral sclerosis (ALS), Parkinson’s disease, and 
diabetic neuropathy.4 With such systemic effects caused by 
a single biological process, it is easy to see why researching 
the effects of mitochondrial motility and energy delivery in 
neurons is invaluable in developing refined treatments.

As a specific example of mitochondrial roles in disease, 
Bolam and Pissadaki propose mitochondrial dysfunction as an 
explanation for part of the pathology of Parkinson’s disease.3 
Unsurprisingly, neurons with the longest and most numerous 
projections tend to suffer first. In healthy individuals, old 

mitochondria are regularly cleared by the PINK1/Parkin 
pathway.5 Issues arise when dead or dying mitochondria burst 
and clog up the channels along these narrow projections.3 The 
first neurons to be affected are the ones involved in initiating 
voluntary movement.4 The loss of function in these neurons 
is what causes the pathology of Parkinson’s disease: hunched 
posture, shuffling movement, and characteristic trembling.3

However, Parkinson’s disease is not the only neuropathy 
associated with issues caused by mitochondrial dysfunction.  
Diabetic neuropathy is caused by a disturbance in the 
mitochondrion’s ability to effectively respond to sugar 
concentration and energy demand in the peripheral and central 
nervous system.4  Unsurprisingly, a similar cellular pathology 
is observed to that of Parkinson’s disease, albeit in different 
neurons. Diabetic neuropathy results in burning, itching, loss 
of sensation in limbs, digestive effects, and even memory loss.4, 

6 This article will provide an overview of research spearheaded 
by the Schwarz Laboratory on mitochondrial motility, as it 
relates to such neurodegenerative disorders.

NEUROBIOLOGY BACKGROUND

To understand the Schwarz Laboratory’s findings, 
some knowledge of the neuron’s anatomy is necessary.  

According to postdoctoral fellow Gülçin Pekkurnaz, neurons 
are highly compartmentalized cells and, though they take 
many forms, most neurons are made of three compartments.4 
The cell body is the roughly spherical or conical center of 
the cell where many important functions, such as DNA 
storage and its translation into proteins, take place. The next 
two components are the projections – dendrites and axons 
–  which are responsible for the neuron’s unique ability to 
receive, process, and send information (Figure 2). It is the 
combination of these functions, compounded across an entire 
nervous system, that gives rise to behavior and consciousness.4

MITOCHONDRIAL MOTILITY DYSFUNCTION 
AND ROLES IN NEUROLOGICAL DISORDERS
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Neurobiology Center. The laboratory’s research topics include neuroplasticity, the 
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University’s Department of Molecular and Cellular Physiology.9,9 
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Dendrites are on the receiving end of this game of telephone 
and are typically shorter and more branched than axons, 
which are the senders of information.4 The longest of these 
projections reaches from the base of the spine to the bottom 
of the foot and relays the received information to muscles, 
glands, or other neurons.4 The sites of these connections are 
synapses.  When a neuron receives a signal from an adjacent 
cell or sensory organ, the signal travels down the length of the 
cell, across its body, and to the axon terminal in the form of 
a wave of electrical depolarization which spreads across its 
membrane.  When the signal has passed, the membrane re-
polarizes and prepares for the next signal.  Once this signal 
reaches the terminal, a small amount of neurotransmitters 
is released across the small cleft between the neuron and its 
target.4  After the next cell receives the signal, the information is 
passed on through signal transduction in the case of a neuron, 
contraction in the case of a muscle, or hormone release in the 
case of a gland.4

Though it is easy to think of these neurons as filled with a 
soupy mixture of proteins and organelles, they are crisscrossed 
by a ridged cytoskeleton and made up of filaments of protein.4 
Different forms serve different purposes, but the most 
important for mitochondrial trafficking are microtubules.4 
These tiny tubes of protein form the superhighway that allows 
materials – from individual molecules to whole mitochondria 
– to travel to far-flung parts of the neuron.4

Given this complex neuronal structure, how does a 
mitochondrion reach its destination over a meter away? It 
walks.  Two motor proteins, kinesin and dynein, attach to the 
microtubule and, in a motion resembling a person putting 
one foot in front of the other, drag the mitochondrion like a 
parade balloon.4 However, these two motors do not connect to 
the mitochondrion directly.  Rather, they pull on two adapter 
proteins. The first of these, known as miro, is embedded in 

the membrane of the mitochondrion and serves as an anchor.2 
The second is called milton, which acts as a link between miro 
and the motors (Figure 1).1

Though mitochondria are usually associated with energy 
production, they serve many other roles essential to cell 
function. Perkkuranaz explains that the mitochondrion’s 
dynamic nature is important for all of its functions, including 
ATP provision, calcium buffering, and cell death regulation.4

RESEARCH AT THE SCHWARZ LABORATORY

Due to the fact that the most common cause of neuropathy 
in industrialized countries is diabetic neuropathy, 

and with ten million people affected by Parkinson’s disease 
worldwide, the need to identify the causes of these diseases is 
all too clear.6, 7 The Schwarz Laboratory is one group looking 
to determine those causes. The laboratory’s researchers 
have elucidated the complex molecular machinery behind 
mitochondrial motility, as well as the beginnings of a map of 
the chemical interactions that cause this machine to work.

The Schwarz laboratory first identified the milton protein 
in the fruit fly, Drosophila Melanogaster, in 2002.1 Since then, 
the researchers have continued to develop their model of 
mitochondrial movement. Most recently, this has yielded 
interesting results regarding sensitivity to glucose.  Pekkurnaz, 
who has spearheaded this project, explained the questions she 
set out to answer: Can mitochondria tell how many nutrients 
are coming into a cell? Based on that, can mitochondria 
change their own localization?4  According to her and others’ 
findings published in Cell last year, mitochondria can do both.2  
Pekkurnaz explains that mitochondria actually sense glucose 
availability and respond by accumulating themselves in high-
glucose areas.2  Specifically, Pekkurnaz found that the enzyme 
O-GLcNac transferase (OGT) is responsible for this glucose 
sensing.2 Ultimately, through its mitochondrial function, OGT 

allows the body to respond to changes in energy 
availability.4 In the case of milton, OGT causes the 
mitochondrial motor adapter complex to stop, 
allowing the mitochondria to consume available 
glucose – at least, in healthy people.4

Pekkurnaz explains that this pathway is over-
activated in people with diabetic neuropathy, 
resulting in disordered nutrient flux.4 Though 
further details remain to be discovered, it is clear that 
blood sugar plays a role in changing mitochondrial 
localization.4 One hypothesis suggests that glucose 
sensing pathways may be dampened in diabetes, 
leading to unresponsive mitochondria. Another 
hypothesis proposes that mitochondria responding 
to elevated levels of glucose may become too motile.4 
Amidst different theories, Pekkurnaz explained 
where the research stands at the moment: “We do 
not know, especially for this pathway, since it has 
not been studied yet. What we do know is that, 
in diabetic patients … the OGT pathway is over-
activated.”4 What can be said is that pieces of the 
picture of diabetic neuropathy are becoming clearer 
and steps are being made toward solving the mystery.

Figure 1. The mitochondrial motor protein complex.
Image source: Maxwell Hamilton
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 CONCLUSION

Though medical applications may seem far removed from 
such esoteric and technical laboratory research, there 

is much to be gained from seeking a greater understanding 
of these systems before treatment methods are considered. 
Pharmacological research is often conducted through trial and 
error; Many different chemicals are tried until an effective one 
is identified. Though many useful drugs have been discovered 
by this method, there is a clear advantage to first understanding 
the system one is trying to alter. The knowledge gained by 
the Schwarz Laboratory, and other laboratories like it, allows 
treatments to be engineered with a specific goal in mind. As 
an example in the case of diabetic neuropathy, if a protein like 
OGT – one that is essential for manipulating mitochondria 
– is assessed from a pharmacological perspective, effective 
drugs could be designed to alter that protein specifically.

Yet ultimately, the highlighted research has implications 
that reach beyond diabetic neuropathy. “Though it may seem 
like we’re trying to chase down only glucose-related pathways, 
it is important to say that [this research] will also shine some 
light on how this control of motility in disrupted or controlled 
in other diseases,” Basu said.  

In many cases it is impossible to know exactly what the 
implications of such research might be.  When milton was 
discovered over 13 years ago, it would have been prophetic 
to know what would be gained from it years down the line.2 
According to Basu, mitochondria are not “just single organelles 
floating in the soup; they are highly dynamic.” Mitochondrial 
systems are interconnected – everything we learn is a new 
piece in the puzzle relating mitochondrial motility to disease, 
which can ultimately lead to more comprehensive treatments 
for many disorders.
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Figure 2. A neuron, showing arrangement of the cell body, 
dendrites and axon.
Image source: modified from pixabay.com


