
What is a mitochondria? 
http://www.nanohealthtechnology.com/home/health/mitochondria/ 
In cell biology, a mitochondrion (plural mitochondria) is a membrane-enclosed organelle found 
in most eukaryotic cells. These organelles range from 0.5 to 10 micrometers (μm) in diameter. 
Mitochondria are sometimes described as “cellular power plants” because they generate most 
of the cell’s supply of adenosine triphosphate (ATP), used as a source of chemical energy. In 
addition to supplying cellular energy, mitochondria are involved in a range of other processes, 
such as signaling, cellular differentiation, cell death, as well as the control of the cell cycle and 
cell growth. 

 
 
 
https://en.m.wikipedia.org/wiki/Electron_transport_chain 
 
https://en.m.wikipedia.org/wiki/Mitochondrial_disease 
An outstanding question and area of research is whether ATP depletion or reactive oxygen 
species are in fact responsible for the observed phenotypic consequences.*** 
 
Mitochondrial disorders may be caused bymutations, acquired or inherited, in mitochondrial 
DNA (mtDNA) or in nuclear genes that code for mitochondrial components. They may also be 
the result of acquired mitochondrial dysfunction due to adverse effects of drugs, infections, or 
other environmental causes 
 
Mitochondrial disease may become clinically apparent once the number of affected 
mitochondria reaches a certain level; this phenomenon is called "threshold expression". 
 
Mitochondrial DNA mutations occur frequently, due to the lack of the error checking capability 
that mtDNA has 
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Defects in enzymes that control mitochondrial DNA replication (all of which are encoded for by 
genes in the nuclear DNA) may also cause mitochondrial DNA mutations. 
 
Mechanisms 
The effective overall energy unit for the available body energy is referred to as the daily 
glycogen generation capacity,[5][6][7] and is used to compare the mitochondrial output of 
healthy individuals to that of afflicted or chronically glycogen-depleted individuals. This value is 
slow to change in a given individual, as it takes between 18 and 24 months to complete a full 
cycle.[6] 
 
The glycogen generation capacity is entirely dependent on, and determined by, the operating 
levels of the mitochondria in all of the cells of the human body;[8] however, the relation between 
the energy generated by the mitochondria and the glycogen capacity is very loose and is 
mediated by manybiochemical pathways. 
 
Treatments 
 
Although research is ongoing, treatment options are currently limited; vitamins are frequently 
prescribed, though the evidence for their effectiveness is limited.[9] Membrane penetrating 
antioxidants, such as the mitochondria-targeted antioxidant MitoQ(mitoquinol mesylate) have 
the most important role in improving mitochondrial dysfunction. Pyruvate has been proposed 
recently as a treatment option.[10] N acetylcysteine reverses many models of mitochondrial 
dysfunction 
 
https://en.m.wikipedia.org/wiki/Spindle_transfer 
Spindle transfer, where the nuclear DNA is transferred to another healthy egg cell leaving the 
defective mitochondrial DNA behind, is a potential treatment procedure that has been 
successfully carried out on monkeys. 
 
Rocco Baldelli is a coach and former center fielder in Major League Baseball who had to retire 
from active play at age 29 due to Mitochondrial Channelopathy*** 
https://en.m.wikipedia.org/wiki/Ion_channel 
https://en.m.wikipedia.org/wiki/Channelopathy 
Channelopathies are diseases caused by disturbed function of ion channel subunits or the 
proteins that regulate them.[1][2] These diseases may be either congenital (often resulting from 
a mutation or mutations in the encoding genes) or acquired[3] (often resulting from autoimmune 
attack on an ion channel). 
 
https://www.ncbi.nlm.nih.gov/pubmed/24473982 
“Loss of function in mitochondria, the key organelle responsible for cellular energy production, 
can result in the excess fatigue and other symptoms that are common complaints in almost 
every chronic disease. At the molecular level, a reduction in mitochondrial function occurs as a 
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result of the following changes: (1) a loss of maintenance of the electrical and chemical 
transmembrane potential of the inner mitochondrial membrane, (2) alterations in the function of 
the electron transport chain, or (3) a reduction in the transport of critical metabolites into 
mitochondria. In turn, these changes result in a reduced efficiency of oxidative phosphorylation 
and a reduction in production of adenosine-5'-triphosphate (ATP). Several components of this 
system require routine replacement, and this need can be facilitated with natural supplements. 
Clinical trials have shown the utility of using oral replacement supplements, such as L-carnitine, 
alpha-lipoic acid (α-lipoic acid [1,2-dithiolane-3-pentanoic acid]), coenzyme Q10 (CoQ10 
[ubiquinone]), reduced nicotinamide adenine dinucleotide (NADH), membrane phospholipids, 
and other supplements. Combinations of these supplements can reduce significantly the fatigue 
and other symptoms associated with chronic disease and can naturally restore mitochondrial 
function, even in long-term patients with intractable fatigue.” 
 
http://www.lifeextension.com/magazine/2010/2/reverse-mitochondrial-damage/page-01 
Mitochondrial dysfunction has been linked to an array of degenerative illnesses, ranging from 
diabetes and neurological disorders to heart failure. 
In 2007, a group of researchers reported amajor (but little-known) breakthrough in our 
understanding of how mitochondrial dysfunction unfolds—and what can be done to protect 
yourself against its lethal impact.3 
They discovered that potentially deadly defects in human mitochondria, including molecular 
decay and membrane injury, begin to appear and can be detected nearly a decade before the 
onset of permanent damage to the DNA.3 
More importantly, their analysis revealed that in its initial stages, mitochondrial dysfunction is 
reversible, enabling the life and health of cells to be prolonged at the molecular level. The key 
lies in earlyinterventions to ensure optimalmitochondrial function before irreversibleDNA 
damage occurs. 
In this article, we review the latest research on a set of compounds that specifically target and 
enhance mitochondrial function through multiple modes of action.” 
 
https://www.ncbi.nlm.nih.gov/pubmed/26776231 
http://www.academia.edu/23781291/Nanotechnology_inspired_tools_for_mitochondrial_dysfunc
tion_related_diseases 
Nanotechnology has unfolded as one of the logical and encouraging tools for delivery of 
therapeutics in controlled and targeted manner simultaneously reducing side effects from drug 
overdose. Tailor-made nanomedicine based therapeutics can be an excellent tool in the toolbox 
for diseases associated with mitochondrial dysfunctions.” 
 
Following paper shows targetting of mitochondria possible using Nanotech QDots 
https://www.google.com/url?sa=t&source=web&rct=j&url=http://epub.uni-regensburg.de/27867/1
/%2523alles_Diss_gesamt_druckversion_final.pdf&ved=0ahUKEwiZ8dCG7M_QAhUB5IMKHf8t
C7IQFggmMAI&usg=AFQjCNF86xCPnJPDNKO75pcm04mHYj88Jw&sig2=8EcGCfL3INaIT7o4
xNxuGg 
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http://jeffreydach.com/2013/04/nanotechnolgy-meets-glutathione/ 
The invention of the fullerene, or Bucky Ball, opened nanotechnology in medicine, and a rush to 
find new uses for these little molecular spheres.  One potential use is a drug delivery system.(1) 
A drug molecule can be placed into the center of the fullerene, which serves as a molecular 
capsule to protect the drug from degradation, and allow delivery to the target tissue or organ. 
Dan Purser MD and the people at RealGSH.com have done this with their new product, a 
topical liquid Glutathione spray which delivers Glutathione through the skin into the circulation 
To illustrate the importance of maintaining high intra-cellular glutathione levels, we can take a 
look at a few animal experiments with the glutathione depleting drug, BSO.  This drug blocks 
production of glutathione, causing very low glutathione levels in the cell, with resulting massive 
damage to the mitochondria, the little energy producing organelles 
“A wide range of seemingly unrelated disorders, such as schizophrenia, 
bipolar disease, dementia, Alzheimer’s disease, epilepsy, migraine headaches, strokes, 
neuropathic pain, Parkinson’s disease, ataxia, transient ischemic attack, cardiomyopathy, 
coronary artery disease, chronic fatigue syndrome, fibromyalgia, retinitis pigmentosa, diabetes, 
hepatitis C, and primary biliary cirrhosis have underlying pathophysiological mechanisms in 
common, namely ROS production, the accumulation of mtDNA damage, resulting 
inmitochondrial dysfunction”.(10) Pieczenik 2007 
The above quote from Dr Pieczenik gives you a brief overview of the major importance of 
glutathione levels in preventing and treating disease.  Along with Vitamin C, Selenium, and 
Tocotrienol-Vitamin E. Glutathione is our most important anti-oxidant and protector of the 
mitochondria, and perhaps our most important medicinal weapon in the battle against aging and 
disease” 
 
http://link.springer.com/article/10.1007/s10545-015-9855-3 
“...the most promising emerging therapies in six key areas: 1) antioxidant approaches; 2) 
stimulating mitochondrial biogenesis; 3) targeting mitochondrial membrane lipids, dynamics and 
mitophagy; 4) replacement therapy; 5) cell-based therapies; and 6) gene therapy approaches 
for both mtDNA and nuclear-encoded defects of mitochondrial metabolism.” 
 
Nanotech can threaten mitochondria 
http://pubs.rsc.org/en/Content/ArticleLanding/2012/TX/c2tx20016c#!divAbstract 
“Zinc oxide nanoparticles (ZnO NPs) are increasingly applied in a diverse array of industrial and 
commercial products. Therefore, it is urgently required to characterize their toxic behavior. ZnO 
NPs have been reported to induce toxic effects at the levels of the individual organism, tissue, 
cell and DNA. However, little is known about the potential impacts of ZnO NPs at a subcellular 
level. In the present work, we investigated the toxicity of ZnO NPs to the isolated rat liver 
mitochondria. We found that treatment of mitochondria with ZnO NPs resulted in collapse of 
mitochondrial membrane potential (Δψ), swelling, depression of respiration, inner membrane 
permeabilization to H+ and K+, alterations of ultrastructure, release of cytochrome c, generation 
of reactive oxygen species (ROS), and Zn2+ liberation from ZnO NPs. These results suggested 
that ZnO NPs can increase the inner membrane permeability and impair the respiratory chain, 

http://jeffreydach.com/2013/04/nanotechnolgy-meets-glutathione/
http://link.springer.com/article/10.1007/s10545-015-9855-3
http://pubs.rsc.org/en/Content/ArticleLanding/2012/TX/c2tx20016c#!divAbstract


thus leading to energy dissipation, oxidative stress and even apoptosis. This putative 
mechanism helps us learn more about the toxicology of this nanomaterial.” 

 
 
http://www.enea.it/it/pubblicazioni/EAI/anno-2012/n.-1-gennaio-febbraio-2012-1/approaching-the
-responsible-use-of-nanotechnologies.-the-global-trends 
“The leading classes of ENMs entering our daily lives are: fullerenes, carbon nanotubes, 
metallic and metal-oxide nanoparticles, carbon black, polystirene, dendrimers, nanoclays, some 
macromolecules and nano-polymers [v]. 
The expected size of the nanotechnologies markets is huge. 
According to Electronics.ca Publications, the global market value for nanotechnology is 
expected to increase to nearly $27 billion in 2015, for a 5-year compound annual growth rate 
(CAGR) of 11.1% [vi]. Concerning U.S. – a leading country in nanotech - the production volume 
is estimated in the range of 7800-38000 tons/yr for TiO2 down to 2.8-20 Tons/yr for nano-Ag 
(nano-CeO2 and carbon nanotube volumes are in between) [vii]. 
 
The Woodrow Wilson Research Institute shows that the absolute number of 
“nanotechnology-based consumer products” is 1317 for 2010 [viii], with a relative increase of 
such products of 20-30 % per year “ 
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FIGURE 3 
Nanotechnology-based products in the world markets, listed by application 
 

 
FIGURE 4 
Nanomaterials incorporated in nanotechnology-based products 
 



Health Hazards of nanoparticles 

 
“Hypothetical mechanisms of silver nanoparticle (Ag-np) cytotoxicity. 
Ag-NPs can enter into the cell by diffusion or endocytosis. Once inside the cytoplasm, they can 
interfere with energy production in mitochondria and promote the generation of reactive oxygen 
species (ROS). ROS and Ag+ ions released from Ag-NPs may cross the nuclear membrane and 
cause DNA damage. DNA damage can be either repaired or lead to irreversible chromosome 
damage or cell death (apoptosis)” 



 
FIGURE5  
Dispersion routes of NPs in the environment 
 
“Experiments on the pulmonary exposure of rats demonstrate23 that Ag NPs accumulate in the 
lungs, are able to translocate in other organs like liver, kidney, spleen, brain but they are also 
cleared by excretion. This entails that: Ag NPs can cross the air-blood and blood-brain barriers, the 
blood carries the particles in the circulatory system, the particles accumulate in the filter organs, 
especially in the liver. Again in general, smaller particles have a larger ability for a widespread 
distribution, but also an increased possibility to pass through filter organs like liver and spleen, and 
be excreted. 
 
Conclusions 
As technology is usually faster than regulations, also in the case of nanomaterials it happens that 
many NM-based products are arriving on the market, with an incomplete assessment of research 
results, and an insufficient translation into nano-specific regulations. 
 
The achievement of these goals is slowed down by a still limited understanding of the intricate 
interactions of ENMs with living systems and the environment.” 
 
 



Using nanotech to help 
http://www.nature.com/mt/journal/v19/n8/full/mt201199a.html 
“Effective medical therapies for mitochondrial diseases will ultimately require an optimal drug 
delivery system, which will likely be achieved through innovations in the nanotechnology of 
intracellular trafficking. To achieve efficient mitochondrial drug delivery, two independent 
processes, i.e., “cytoplasmic delivery through the cell membrane” and “mitochondrial delivery 
through the mitochondrial membrane” are required.” 
 
 
 
 
 
 
 
 
 

 
“Schematic diagram illustrating mitochondrial macromolecule delivery via a series of membrane 
fusions using dual function (DF)-MITO-Porter. Complexed particles of cargos are coated with 
mitochondria-fusogenic lipid envelope (inner) and endosome-fusogenic lipid envelope (outer). 

http://www.nature.com/mt/journal/v19/n8/full/mt201199a.html


Octaarginine (R8) functions as a cell-uptake device in the outer envelope and as a 
mitochondrial targeting device in the inner envelope.” 
 
http://spie.org/newsroom/6606-a-photothermal-nanoblade-rescues-mitochondria-function-in-hu
man-cells 
“To transfer large, micrometer-sized cargo into mammalian cells, we have invented the 
photothermal nanoblade.2 We took a titanium-coated glass micropipette with a 3μm-inner-tip 
diameter and loaded it with isolated mitochondria. The pipette was placed adjacent to a cell 
membrane, and heated with a 532nm-wavelength non-damaging laser pulse. A transient vapor 
bubble in the surrounding aqueous culture media generated by rapid heat transfer caused a 
membrane incision by shear stress. This enabled active, pressure-driven cargo delivery of 
genetic material,3 conjugated quantum dots,4 and live intracellular bacterial pathogens5, 6 into 
mammalian cells with high efficiency and cell viability.” 

 
Figure 1. Mitochondria containing mitochondrial DNA (mtDNA) are isolated from a cell (MDA-MB-453) 
and transferred into another cell (143 BTK–ρ0) that lacks mtDNA and cannot respire. Cells that receive 
and replicate transferred mitochondria respire and were cloned from media lacking uridine. 
 
“In summary, to enable studies of mitochondrial processes and to potentially provide a futuristic pathway 
for addressing mtDNA diseases, we outfitted a photothermal nanoblade to transfer isolated mitochondria 
into ρ0 cells to rescue their metabolic defects. Because the nanoblade transfers mitochondria to one cell 
at a time with an output of ∼100 cells/hour, we are developing a higher throughout method called a 
biophotonic laser-assisted surgery tool (BLAST) to transfer mitochondria into 100,000 cells/minute.8 A 
commercial prototype combining high-throughput delivery with ease-of-use features is now under 
development by the biotech start-up company NanoCav, LLC. With BLAST, we aim to improve our 
understanding of fundamental mitochondrial biology and also come closer to developing potential 
approaches to address mtDNA disorders.” 
 
http://www.nextbigfuture.com/2010/05/mitosens-progress-to-moving-genes-from.html 
“Only 13 of the mitochondrion's component proteins are still encoded by its own DNA (and thus 
mroe vulnerable to mutation) while the rest are in the nucleus. Rather than fixing mitochondrial 
mutations, we can make them harmless to us. By putting "backup copies" of these few 
remaining genes into the nucleus, we can prevent the harm caused by any mutations that may 
occur of the original versions.” 
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http://weightloss-diethelp.com/nano-coenzyme-q10-what-is-its-role-in-the-mitochondria/#.WD8F
oSErL4Y 
“In other studies to confirm the antioxidative properties of Coenzyme Q10, Kwong, et al. (2002) 
researched its in-vivo antioxidant properties after it left the mitochondrial electron transport 
chain. The research team subjected rats to CoQ10 (150 mg/kg/d) in their diets for 4 and 13 
weeks.  Following the subsequent levels of CoQ10, the team found supplemental CoQ10 added 
to the rat’s diet resulted in an elevation of equivalent CoQ10 levels in rat heart, brain, and 
skeletal muscle mitochondrial tissues.  Additionally, they found lower levels of protein oxidative 
damage with commensurate increases in antioxidative capabilities. 
In summary, it appears the nano formulation of Coenzyme Q10 is needed to supply adequate 
amounts of Ubiquinone to the tissues for inner mitochondrial activity.  Given the lipid boundary 
and bioavailability when supplying merely the product in a high-lipid diet, it seems prudent to 
use the nano formulation of Coenzyme Q10 to achieve therapeutic response.  There are 
numerous diagnoses that can benefit from this agent.  In addition to the illnesses of 
cardiovascular disease, diabetes, neurodegenerative disorders, statin-associated myopathy, 
and some cancers, the elderly can benefit.” 

 
 
 
For more information: 
https://www.google.com/url?sa=t&source=web&rct=j&url=https://www.ncbi.nlm.nih.gov/pmc/artic
les/PMC3561461/&ved=0ahUKEwjt9PSz6s_QAhVL8WMKHb9aChwQFghMMAE&usg=AFQjCN
F7XhmDGEZZTCdtVryLAy-Eow0rMA&sig2=J7mIMn5XEzd8-H0Vhs6rZw 
 
https://books.google.com/books?id=z7r6paMUnmAC&pg=PA437&lpg=PA437&dq=mitochondria
l+dysfunction+syndrome+nanotechnology&source=bl&ots=WRY-aJQoqM&sig=_yx3ukunQ5rR
Mq_hfmZcWY8-1Wo&hl=en&sa=X&ved=0ahUKEwiiqYbl7c_QAhVi0oMKHRW1CLA4ChDoAQg
ZMAA#v=onepage&q=mitochondrial%20dysfunction%20syndrome%20nanotechnology&f=false 
 
Page 612-630 
https://books.google.com/books?id=FOl6AHy_UzAC&pg=PA665&lpg=PA665&dq=mitochondrial
+dysfunction+syndrome+nanotechnology&source=bl&ots=RMhnwXRS4q&sig=3ioVpzQdKAXfdt
1n5adZJmyhVdk&hl=en&sa=X&ved=0ahUKEwiiqYbl7c_QAhVi0oMKHRW1CLA4ChDoAQglMA
Q#v=onepage&q=mitochondrial%20dysfunction%20syndrome%20nanotechnology&f=false 
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Nanocenter breakdown: 
-Introduce mitochondria 
“In cell biology, a mitochondrion (plural mitochondria) is a membrane-enclosed organelle found 
in most eukaryotic cells. These organelles range from 0.5 to 10 micrometers (μm) in diameter. 
Mitochondria are sometimes described as “cellular power plants” because they generate most 
of the cell’s supply of adenosine triphosphate (ATP), used as a source of chemical energy. In 
addition to supplying cellular energy, mitochondria are involved in a range of other processes, 
such as signaling, cellular differentiation, cell death, as well as the control of the cell cycle and 
cell growth.” 
 
-Diff ways Nanotech can harm mitochondria 
“Zinc oxide nanoparticles (ZnO NPs) are increasingly applied in a diverse array of industrial and 
commercial products. Therefore, it is urgently required to characterize their toxic behavior. ZnO 
NPs have been reported to induce toxic effects at the levels of the individual organism, tissue, 
cell and DNA. However, little is known about the potential impacts of ZnO NPs at a subcellular 
level. In the present work, we investigated the toxicity of ZnO NPs to the isolated rat liver 
mitochondria. We found that treatment of mitochondria with ZnO NPs resulted in collapse of 
mitochondrial membrane potential (Δψ), swelling, depression of respiration, inner membrane 
permeabilization to H+ and K+, alterations of ultrastructure, release of cytochrome c, generation 
of reactive oxygen species (ROS), and Zn2+ liberation from ZnO NPs. These results suggested 
that ZnO NPs can increase the inner membrane permeability and impair the respiratory chain, 
thus leading to energy dissipation, oxidative stress and even apoptosis.” 
 
Nanoparticles in the environment 
 
 
2 categories, inherited and acquired 
-Cover treatments for chosen dysfunction types 
-theorize how nanotech could revolutionize the way we approach these problems 
 
http://spie.org/newsroom/6606-a-photothermal-nanoblade-rescues-mitochondria-function-in-hu
man-cells 
Whole article to paraphrase 
Mitochondria are organelles that reside within cells. They are known as the cell's ‘powerhouse’ 
because they generate chemical energy in the form of adenosine triphosphate (ATP). 
Mitochondria are ∼2×1μm in size and contain their own genome, known as mitochondrial DNA 
(mtDNA), which is independent of the nuclear genome. mtDNA is essential for cell respiration 
and the production of ATP by a process called oxidative phosphorylation. mtDNA mutations can 
cause morbidity and mortality in humans, and there are currently no effective treatments or 
cures available for mtDNA diseases. The ability to transfer isolated mitochondria with a specific 
mtDNA sequence into target human cells would advance studies on cell metabolism and how 
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mitochondria interact with their host cell, and also could lead to new therapeutic strategies to 
treat mtDNA-related disorders. 
 
There are few methods for transferring isolated mitochondria into mammalian cells.1 The most 
common approach is to fuse a donor cell that contains mitochondria with mtDNA of interest with 
a recipient cell devoid of mtDNA, also known as a ρ0 (rho-null) cell. The resulting cytoplasmic 
hybrid (or cybrid) cell contains the mtDNA from the donor cell and the nuclear DNA from the 
recipient cell. However, the cybrid also has a mixture of other cytosolic components such as 
mRNAs, proteins, lipids, and other organelles. The ‘cleanest’ method of transferring isolated 
mitochondria into cells is by microinjection. However, because tolerated pipette tips have a 
relatively small diameter, clogging and cargo damage often occur, which reduces efficiency. 
 
To transfer large, micrometer-sized cargo into mammalian cells, we have invented the 
photothermal nanoblade.2 We took a titanium-coated glass micropipette with a 3μm-inner-tip 
diameter and loaded it with isolated mitochondria. The pipette was placed adjacent to a cell 
membrane, and heated with a 532nm-wavelength non-damaging laser pulse. A transient vapor 
bubble in the surrounding aqueous culture media generated by rapid heat transfer caused a 
membrane incision by shear stress. This enabled active, pressure-driven cargo delivery of 
genetic material,3 conjugated quantum dots,4 and live intracellular bacterial pathogens5, 6 into 
mammalian cells with high efficiency and cell viability. 
 
Since bacteria and mitochondria are roughly the same size, we were able to isolate 
mitochondria from one cell line (MDA-MB-453) and transfer it into a different ρ0 cell line 
(143BTK−ρ0) using the nanoblade.7 ρ0 cells cannot survive in culture media deficient in uridine 
because respiration is required for cells to manufacture this essential nucleic acid building block 
(see Figure 1). Three cell clones, termed rescue 1–3, received mitochondria by nanoblade 
transfer and grew on media lacking uridine. The transferred mtDNA was replicated over time by 
the new host cell clones as they continued to grow (see Figure 2). 
 
We characterized the function of transferred mitochondria in the rescue cells. ATP 
concentrations were comparable with the mitochondrial donor cell and 143BTK parent cell (from 
which the ρ0 cell was generated). We also recovered respiration in rescue clones 1–3 to a level 
comparable with the mitochondrial donor and parent cell lines, and determined the expression 
of 33 nuclear-encoded metabolism-regulating genes, as well as levels of ∼100 small 
metabolites. Principal component analysis showed that rescue lines 1 and 3 were similar to the 
parent cell line in these key features, whereas rescue line 2 was most similar to the ρ0 recipient 
cells and not fully rescued. In other words, the transfer of mitochondria reset the metabolic 
profile of a ρ0 cell to that of the parent cell in most, but not all cases. This phenomenon left open 
questions related to the mechanism(s) of metabolic rescue. 
 
In summary, to enable studies of mitochondrial processes and to potentially provide a futuristic 
pathway for addressing mtDNA diseases, we outfitted a photothermal nanoblade to transfer 
isolated mitochondria into ρ0 cells to rescue their metabolic defects. Because the nanoblade 



transfers mitochondria to one cell at a time with an output of ∼100 cells/hour, we are developing 
a higher throughout method called a biophotonic laser-assisted surgery tool (BLAST) to transfer 
mitochondria into 100,000 cells/minute.8 A commercial prototype combining high-throughput 
delivery with ease-of-use features is now under development by the biotech start-up company 
NanoCav, LLC. With BLAST, we aim to improve our understanding of fundamental 
mitochondrial biology and also come closer to developing potential approaches to address 
mtDNA disorders. 
 


