
Introduction
This review investigates the role nutrition (over and under nutrition) affect mitochondrial behavior.

Conclusions

Mitochondria fragment under conditions of over nutrition; and, when capable, will increase their energy 
wasting capacity by reducing the coupling of the electron transport chain via the production of uncoupling 
protein. 

Mitochondria elongate, protecting against mitophagy (autophagy of mitochondria), and will couple the 
electron transport chain under conditions of under nutrition. 

Amendments

Intro
Intro

Intro: Aging involves insufficient mitochondrial quality 
controls, like autophagy. This review covers the effect of 
nutrient overload and mitochondrial function. 

In response to nutrient overload, the cell adapts by changing 
the capacity (amount of mitochondria) and efficiency (ability 
to produce) of cell energy production. Bioenergetic efficiency 
is defined as the amount of ATP produced per molecule of 
nutrient. The cells respond to nutrient overload by creating 
added nutrient storage, then further adapt by wasting energy. 

Cells exposed to nutrient rich environments experience 
changes in mitochondrial shape and structure - they tend to 
have fragmented mitochondria, while cells under starvation 
conditions tend to stay elongated. 

Bioenergetic (cell energy) ability is not the only driver of 
changes in mitochondria architecture. Mitochondria are 
constantly undergoing fusion (combining two mitochondria) 
and fission (one mitochondrion splitting apart). They undergo 
these processes to separate out damaged sections of 
themselves, so sometimes the bioenergetic need for fusion or 
fission is at odds with the need to separate out or dilute 
damaged section of mitochondria. 
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Bioenergetic (cell energy) ability is not the only driver of 
changes in mitochondria architecture. Mitochondria are 
constantly undergoing fusion (combining two mitochondria) 
and fission (one mitochondrion splitting apart). They undergo 
these processes to separate out damaged sections of 
themselves, so sometimes the bioenergetic need for fusion or 
fission is at odds with the need to separate out or dilute 
damaged section of mitochondria. 

Three tissues that respond differently to nutrient excess:

1. Brown Fat Tissue: These cells undergo significant changes 
in their bioenergetic efficiency (from high to low, with 
increased nutrient availability). In a low efficiency state, 
nutrient oxidation (utilization) is used for heat generation 
(wasting energy), not ATP synthesis. 

2. Muscle Tissue: These cells have high bioenergetic 
efficiency (producing substantial energy with each nutrient 
molecule) - presumably to support contraction of the muscle 
cells. 

3.   Pancreatic Tissue (specifically, insulin producing beta 
cells): Mitochondrial oxidation of nutrients plays a critical role 
in the tight control of insulin secretion, so it is not going to 
swing heavily - rather, it is going to be defined to a narrow 
range of efficiency. 

More is being learned on the topic thanks to animal models 
with specific gene deletions for fusion and fission proteins in 
mitochondria. 
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Starvation conditions for the cells leads to increases in ATP 
(cell energy) production per second/minute, etc. 
(mitochondria generate energy more rapidly). This also leads 
to more ATP synthase complexes grouping together and 
increased activity of these ATP synthases. This might be a 
result of a switch from anaerobic glycolysis (oxygen 
independent energy generation) to oxidative phosphorylation 
(oxygen dependent energy generation). The mitochondria 
also would experience an increase in efficiency (getting the 
most energy per molecule of nutrient), which is dependent 
on if the mitochondria can fuse (fusion). 

Decreased mitochondrial efficiency is present when there is 
nutrient overload and mitochondria switch to producing more 
heat instead of energy (ATP) - this is accomplished through 
uncoupling the mitochondria through the production of more 
Uncoupling Protein (UCP). 

1.
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Mitochondrial respiration (use of oxygen as a necessary 
component of energy consumption) is controlled by the 
consumption of ATP (cellular ATP consumption), the amount 
of NADH and FADH available (coming from the TCA cycle), 
and the proton leak (the permeability of the inner 
mitochondrial membrane to allow protons from the 
intermembrane space to the matrix). ATP turnover thereby 
also plays a huge role in mitochondrial membrane potential. 

2.
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Mitochondria in brown fat cells contain far more UCP (uncoupling protein), which activates heat 
generation, through increased respiratory rates. This increase in UCP in brown fat cells is due 
to increased circulating free fatty acids, which are stimulated by epinephrine. Nutrient excess 
(like a high fat diet for rodents) increases the levels of brown fat cell number and UCP 
expression and increasing mitochondrial mass. 

In brown fat, when cell energy demand is not the primary driver of oxygen consumption, 
nutrient excess does not lead to bioenergetic/metabolic dysfunction. This is through greater 
UCP expression, thereby lowering the mitochondrial membrane potential (more positive 
mitochondrial membrane), because more protons are passing by without generating energy, 
thereby increasing the need to use substrate to pump protons back into the intermembrane 
space. This leads to less electron slippage and less ROS production, because it acts as a 
"blow valve" to release pressure building up from the intermembrane space. 

This "blow off valve" may be only possible in certain tissues, thereby having nutrient excess 
can be handled effectively in brown fat cells, for example, but poorly handled by other tissues 
(like muscle), because they do not have the capacity to express UCP as readily (if at all), 
leading to greater oxidative stress and damage to the cells not capable of ramping up their 
UCP levels. Also, long term nutrient excess leads to a toxic level of fat intermediates as they 
are incompletely cleaved due to a backup of oxidation (utilization for energy) - these fat 
intermediates can then lead to reduced insulin signaling (maybe they're talking about 
ceramides here?). Excess ROS (reactive oxygen species, oxidative stress) also leads to 
decreased insulin sensitivity. 

It is possible that the reduction in mitochondrial energy production may be due to a reduction in 
transcription of mitochondrial proteins to protect against the toxic effects of excess nutrients 
(namely, increased fat intermediates and increased oxidative stress). 

In beta cells of the pancreas, the role of these cells is different from muscle and brown fat cells, 
so the effect of excess nutrients may be different, as well. Beta cells have to be extremely 
responsive to cell ATP levels, because if there is an increase in ATP, the beta cell is activated 
to release insulin - this is why an increase in blood sugar is picked up by the beta cell, thereby 
releasing insulin through the increase in substrate for the mitochondria to generate more ATP. 
Notably, beta cells can also be sensitized to release insulin independent of change in cell 
energy; rather, it would release insulin with an increase in reactive oxygen species. This might 
increase in an excess nutrient situation, because the energy demand in the beta cells may be 
low, but the nutrients are exceeding that needed, so the drive to push electrons through the 
complexes would be high, leading to more electrons slipping and creating ROS. This is 
exacerbated by the fact that beta cells should be sensitive to ROS and therefor have low 
antioxidant capabilities. Beta cells allow nutrients into the cells based on availability, not based 
on demand, so this may be a key point differentiating them from something like muscle cells. 
This leads the beta cells, presumably, to be more vulnerable to nutrient excess. 

3.
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Changing mitochondrial bioenergetics leads to dramatic changes in mitochondrial 
morphology. Adding mitochondrial uncouplers, drug induced versions of what 
UCP does, leads to mitochondrial fragmentation through DRP1 recruitment and 
OPA1 degradation. Mitochondria will also depolarize as they receive too many 
protons entering the matrix, which also stimulates the proteasome (a protein 
degradation pathway) to be activated to destroy mitochondrial fusion proteins 
(MFNs). Fragmentation of mitochondria is also thought to be linked with maximal 
respiration. 

There are differences between fragmentation through nutrient excess and 
fragmentation from uncoupling drugs (CCCP) as uncoupling drugs lead to 
fragmented mitochondria with a donut-like shape compared to a fuller, ball shape 
from nutrient excess. 

4.
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Starvation (low nutrient presence) leads to reduced 
fission, reduced DRP (the main fission protein) 
activation (phosphorylation). This also leads to 
unopposed fusion, thereby elongating mitochondria. 
This increased size of mitochondria protects against 
autophagy; it also serves to increase the cristae of 
mitochondria, allowing more ATP synthases (the 
enzyme that produces ATP, cell energy) to be closer 
together, or to interact, even. Mitochondrial elongation 
also occurs when cell energy demand is increased, 
like that of cell division (G/S Phase, where the cell is 
generating new proteins and new DNA). In cell 
senescence, the cell still has mitochondria that 
produce large amounts of energy, but they produce 
fewer mitochondria, so they rely more on the 
mitochondria that are present. 

5.
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Beta cells exposed to high fat or high fat and glucose 
experience mitochondrial fragmentation, with the 
combination of the two causing an additive effect - this 
could mean they work through the same mechanism. 
This would likely mean that mitochondrial fragmentation 
at early stages might be due to increased nutrient 
utilization. 

Fragmentation can also be manifested, in brown fat 
cells, through hormonal mechanisms - hormones 
binding to the cell, inducing cellular signaling within the 
cell, causing a promotion of the fragmentation of 
mitochondria. 

High glucose and high fat (especially), have toxic effects 
in beta cells, significantly increasing ROS, thereby 
damaging the cells (potentially). (This could be why 
chronic exposure leads to high levels of insulin 
secretion, but eventually leads to beta cell "exhaustion" -
death). Mitochondrial fragmentation is a way for the beta 
cells to "detox" from the elevated nutrient availability. 

6.
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Shifting mitochondria toward fusion protects against cell 
death, and shifting mitochondria toward fission increases the 
chance of cell death. Cell death (apoptosis version) is linked 
to complete fragmentation of mitochondria - and, 
mitochondria in diabetic muscle has shown increased 
fragmentation. Impairing fission, however, impairs 
mitochondrial function. 

Loss of DRP (fission protein) reduces mitochondrial 
function, DNA health in mitochondria, and cell survival, 
which may also be due to DRP's effect on peroxisome 
function (because it also is involved in peroxisome function). 

Similar detrimental effects are also seen when fusion is 
inhibited, so it isn't just fission centric. 

7.
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As stated before, reduced size of mitochondria is linked 
to diabetic tissues, as well as obese tissues. During 
exercise and other cell energy stress, there is an 
increase in MFN protein expression (this is a fusion 
protein) - this makes sense considering exercise reduces 
cell energy levels, thereby promoting mitochondrial 
elongation. 

Mitochondria morphology changes are centered around 
fission, creating two mitochondria - one with a high 
membrane potential and the other is a low membrane 
potential. The low membrane potential mitochondria can 
undergo two processes: 1. Recover its membrane 
potential (increasing membrane potential), or 2. remain 
with a low membrane potential and be tagged for 
mitophagy. 

8.
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Nutrient excess leads to inhibition of fusion, 
increased fission, but also impaired autophagy, 
because lysosome activation (autophagy activation) 
is partly dictated by lacking nutrients (starvation) -
creating an environment of fragmented mitochondria, 
but a heterogenous population of mitochondria, with 
some being primed for degradation through 
autophagy, because they are unhealthy 
(depolarized); however, they stick around, because 
autophagy is inhibited. This increase in the number 
of dysfunctional mitochondria increases the amount 
of ROS, hurting the cells. 

9.
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