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Mitochondrial testing with AONM/MMD

04.01.24 2

1. Brief introduction to the mitochondria

2. ATP Profile: Total ATP, Mitochondrial ATP, Glycolytic ATP, 
Reserve Capacity

3.  Mitochondrial Health Index:
Basal respiration rate, mitochondrial ATP turnover,
proton leak, maximum respiration rate, reserve capacity, 
non-mitochondrial rate, calculation of the overall 
Mitochondrial Health Index

4.   Supplementary biomarkers:
Ratio of mtDNA to nDNA (mtDNA:nDNA)
PGC-1α
Nrf-2
Mitochondrial 4977 deletion mutant (mt4977del)
Lactate/pyruvate ratio
Intact mitochondria versus Non-intact mitochondria
Mitochondrial Fuel Pathways



MMD - Magdeburg Molecular Detections
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MMD, Magdeburg Molecular Detections, 
specialises in mitochondrial testing. The ATP 
Profile measures ATP capacity via a 
chemiluminescent (light) reaction using a 
Luciferin/Luciferase reagent. MMD is also a 
pioneer in the use of the Seahorse XF. Seahorse 
Biosciences has developed a unique 
extracellular flux analyser that is able to 
measure multiple parameters in the cell and 
mitochondria with huge precision. They use a 
microplate-based system with unprecedented 
throughput to make these measurements very 
sensitively, with extremely rapid kinetics. This 
technology has come to be considered the gold 
standard for measuring mitochondrial function 
in cellular systems. Since its introduction in 
2006, Seahorse XF technology has been used in 
over 7,200 peer-reviewed publications.
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ATP Profile



Total ATP
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Total ATP
This is the quantity of ATP that the cells produce at rest via both 
mitochondrial and non-mitochondrial pathways. Total ATP is all the adenosine 
triphosphate (our cells’ energy currency) available to the cell. This makes it 
possible to assess the relative performance of mitochondrial respiration 
(mitochondrial ATP capacity) versus anaerobic glycolysis (glycolytic ATP 
capacity).



Mitochondrial and glycolytic ATP capacity
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Mitochondrial ATP capacity measures the capacity to synthesise adenosine triphosphate (ATP) in the 
patient’s mitochondria in a defined basal state. This is calculated by determining the absolute ATP 
production that is inhibited by addition of the ATP synthase inhibitor oligomycin (see figure above). 

ATP can also be produced in the cytosol, outside the mitochondria (though still inside the cell). This 
parameter measures the glycolytic capacity for ATP production: the maximum quantity of ATP that the 
cells are able to produce at rest via non-mitochondrial pathways, i.e. anaerobic glycolysis. This makes it 
possible to assess the relative performance of anaerobic glycolysis versus mitochondrial respiration. It 
is important to have a high glycolytic capacity in the cells so that sufficient precursors for the Krebs 
Cycle can be made to then be cycled into the ETC, and also so that the cytosolic production of ATP 
(glycolysis) can be upregulated if needed, when immune cells need to address pathogens, etc. 



Reserve ATP capacity
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ATP synthesis is generally presumed to be coupled almost entirely to two metabolic 
processes: oxidative phosphorylation and glycolysis. There is however another 
essential metabolic process that interconverts the three adenine nucleotides (ATP, 
ADP and AMP) using adenylate kinase according to metabolic needs. Adenylate 
kinase catalyses a reversible reaction: 2 ADP > ATP + AMP. This is a vital factor in 
regulating the energy charge in cells, providing an open system able to accept, store 
and supply energy to cells as needed. The marker “Reserve ATP capacity” indicates 
how dynamically the cell is able to perform this catalytic interconversion. 

Here, the reserve ATP capacity is 13 %/ 0.10 fmol/ cell. The patient's result is in the 
very low range. The optimal would be between 0.6 to 0.9 fmol/cell.
13 % means that the cell is unable to perform dynamic catalytic interconversion 
between the three adenine nucleotides (ATP, ADP and AMP) according to metabolic 
needs.



Mitochondrial testing with AONM/MMD
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1. Brief introduction to the mitochondria

2. ATP Profile: Total ATP, Mitochondrial ATP, Glycolytic ATP, 
Reserve Capacity

3.  Mitochondrial Health Index:
Basal respiration rate, mitochondrial ATP turnover,
proton leak, maximum respiration rate, reserve capacity, 
non-mitochondrial rate, calculation of the overall 
Mitochondrial Health Index

4.   Supplementary biomarkers (next time!):
Ratio of mtDNA to nDNA (mtDNA:nDNA)
PGC-1α
Nrf-2
Mitochondrial 4977 deletion mutant (mt4977del)
Lactate/pyruvate ratio
Phase 2: 
Number of mitochondria
Intact mitochondria versus Non-intact mitochondria



Mitochondrial Health Index

Source: Source: Chacko BK, Kramer PA, Ravi S, Benavides GA, Mitchell T, Dranka BP, Ferrick D, Singal AK, Ballinger SW, Bailey SM, Hardy RW, 
Zhang J, Zhi D, Darley-Usmar VM. The Bioenergetic Health Index: a new concept in mitochondrial translational research. Clin Sci (Lond). 2014 
Sep;127(6):367–73; https://pubmed.ncbi.nlm.nih.gov/24895057/ 04.01.24 9

The Mitochondrial Health Index (MHI) is an index composed of all the parameters below, based on 
the science developed at the University of Alabama that went into the evolution of this metric and 
the Seahorse XF measurements. It can be used to measure improvement in mitochondrial function, 
and to help identify where the block to optimal functioning might lie.

Basal respiration rate
Mitochondrial ATP turnover
Proton leak
Max. respiration rate
Reserve capacity 
Non-mitochondrial respiration rate
Calculation of the overall MHI

https://pubmed.ncbi.nlm.nih.gov/24895057/


Mitochondrial Health Index: top page
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Overall MHI, derived from the multiple parameters
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Summary relating to mitochondrial dysfunction: 
selected markers
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• Upregulated ROS in
the cells

• Compromised function of
the electron transport
chain

• Limited no. of 
functionally intact
mitochondria

• Insufficient ATP on
demand



Proton leak/coupling efficiency
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A proton leak accounts for any oxygen in the mitochondria that is not 
being used for ATP synthesis. The causes of a proton leak are for example 
a) high concentration of damaging free radicals; b) a lack of redox 
equivalents; c) inhibitors of ATPases, including ATP synthase; d) a fatty 
acid composition of the mitochondria that is suboptimal. 



Non-mitochondrial respiration
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Extremely high non-
mitochondrial respiration 
as a share of total 
respiration

Increased non-mitochondrial 
respiration can be due to intracellular 
pathogens such as EBV, Borrelia, etc. 
Significantly increased values can be 
caused by heavy metals, xenobiotics 
and other contaminants



Maximum possible oxygen consumption rate
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Maximum possible 
oxygen consumption rate 
extremely low



Reserve respiration capacity very low in this 
patient



Comparison of various tests
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Maximum possible 
oxygen consumption rate 
has doubled; many 
markers are showing 
improvement



Mitochondrial testing with AONM/MMD
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1. ATP Profile: Total ATP, Mitochondrial ATP, Glycolytic ATP, 
Reserve Capacity

2.  Mitochondrial Health Index:
Basal respiration rate, mitochondrial ATP turnover,
proton leak, maximum respiration rate, reserve capacity, 
non-mitochondrial rate, calculation of the overall 
Mitochondrial Health Index

3.   Supplementary biomarkers:
Ratio of mtDNA to nDNA (mtDNA:nDNA)
PGC-1α
Nrf-2
Mitochondrial 4977 deletion mutant (mt4977del)
Lactate/pyruvate ratio



Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König; Hoffmann A, Spengler D. The Mitochondrion as Potential Interface in 
Early-Life Stress Brain Programming. Front Behav Neurosci. 2018 Dec 6;12:306; https://en.wikipedia.org/wiki/Mitochondrial_DNA: 
Images free to use under Commons License 04.01.24 19

Complex I genes

Complex III genes

Complex IV genes

Complex V genes

16s RNA

12s RNA

Mitochondria have their own DNA

mtDNA:nDNA

https://en.wikipedia.org/wiki/Mitochondrial_DNA


It is possible to compare nuclear DNA to sets of mitochondrial
DNA per cell: one to many

Source: https://en.wikipedia.org/wiki/DNA; https://en.wikipedia.org/wiki/Mitochondrial_DNA: Images free 
to use under Commons License; http://book.bionumbers.org/how-big-are-mitochondria/ 04.01.24 20

mtDNA:nDNA

The cell nucleus has only 
one copy of DNA

There are many mitochondria 
in each cell, 
each with their 
own DNA

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Mitochondrial_DNA
http://book.bionumbers.org/how-big-are-mitochondria/


Ratio of mitochondrial DNA to nuclear DNA shows 
the mitochondrial mass in the cell
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The ratio of mitochondrial DNA to nuclear DNA is normal, though towards the 
lower end of the reference range. 
Nuclear DNA remains stable at a unit of 1, but mitochondrial DNA will increase 
proportionally to the number of mitochondria in the cell. 
It is important to note though that this does not mean that the mitochondria 
being detected are healthy/intact. 

mtDNA:nDNA



mtDNA:nDNA – numbers pathologically high/low
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Too high (see example 2):
The cell is trying to counteract the lack of energy by increasing the number 
of mitochondria. 

Too low (see example 3):
The cell is unable to counteract the lack of energy by increasing the number 
of mitochondria.

mtDNA:nDNA



Source: 1. Chen L, Qin Y, Liu B, Gao M, Li A, Li X, Gong G. PGC-1α-Mediated Mitochondrial Quality Control: Molecular Mechanisms and 
Implications for Heart Failure. Front Cell Dev Biol. 2022 May 27;10:871357; 2. Halling JF, Pilegaard H. PGC-1α-mediated regulation of 
mitochondrial function and physiological implications. Appl Physiol Nutr Metab. 2020 Sep;45(9):927-936. 04.01.24 23

PGC-1-alpha

PGC-1-alpha is central for the induction of new mitochondria

1

• PGC-1α regulates mitochondrial biogenesis but also has effects on mitochondrial
functions beyond biogenesis.

• Mitochondrial quality control mechanisms, including fission, fusion, and
mitophagy, are regulated by PGC-1α.

• PGC-1α-mediated regulation of mitochondrial quality may affect age-related
mitochondrial dysfunction and insulin sensitivity. 2



The test for PGC-1-alpha measures its relative expression
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PGC-1-alpha

PGC-1-alpha expression is barely detectable. This indicates extremely 
low/absent new mitochondrial formation. 

If this is the case, and mtDNA:nDNA is low too, then initiatives should be 
taken to increase PGC-1-alpha (list of inducers available)



Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König 04.01.24 25

The “common deletion” mDNA4977 is caused by oxidative stress 

Oxidative stress
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This can be measured, and shows the degree of oxidative stress 
the mitochondria are suffering …

Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König

Before deletion
Wildtype mtDNA = 16569 base pairs 

After deletion
mtDNA = 11562 base pairs 

Oxidative stress



… as well as any damage to mitochondrial DNA
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The mitochondrial deletion mutant mt4977bp is noticeably enhanced. This 
indicates oxidative stress and damage to mitochondrial DNA. 

Among mtDNA deletions, one of the most vital that causes huge destruction of almost one 
third in length of the mitochondrial genome is the 4977-bp mtDNA deletion (mDNA4977). This 
is one of the best-described large-scale mtDNA deletions, and has been found to accumulate 
in numerous disorders (literature available upon request). It is often known as a “common 
deletion” due to the frequency with which it has been reported. The deleted region encodes 
seven polypeptides essential for the OXPHOS pathway: four for Complex I, one for Complex 
IV, and two for Complex V. This can cause complete failure of ATP production in the 
mitochondria affected.

Oxidative stress



Mitochondrial DNA – common deletion

Significantly increased                                                         Undetectable

This is not an inherited polymorphism: it arises due to endogenous and 
exogenous factors, especially oxidative stress. This is why checking for it can 
be very useful, as measures can be taken to reduce the levels, and repeat 
tests document a decline in levels if the initiatives are successful.

Oxidative stress

Action can be taken: it can be reversed …

Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König



04.01.24 29

Vicious cycle of reactive oxygen species (ROS) 
production and oxidative damage

Elevated ROS 
production

Oxidative 
damage 
to mtDNA

Functional 
disruption of 
the electron 
transport chain

Loss of mtDNA-
coded proteins 
and RNA

Oxidative stress

Source: MMD GmbH & Co KG Author Prof. Dr. Brigitte König



Source: Zang H, Mathew RO, Cui T. The Dark Side of Nrf2 in the Heart. Front Physiol. 2020 Jul 9;11:722.
04.01.24 30

“Nuclear factor-erythroid factor 2-related factor 2 (Nrf2) is a critical transcription factor that 
regulates the expression of over 1000 genes in the cell under normal and stressed 
conditions. Nrf2 has been historically considered as a crucial regulator of antioxidant defense
to protect against various insult-induced organ damage”

One initiative is to check Nrf-2: our cells’ master 
antioxidant regulator

Nrf-2
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Problem if it is undetectable and you have evident 
oxidative stress

Nrf-2



Important to compare with the MHI – is there oxidative stress 
both in the cell and in the mitochondria?
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Nrf-2 vs. oxidative stress

If the Nrf-2 level is low or 
undetectable and the 
4977 deletion mutant is 
elevated, it is vital to initiate 
action to support:

Endogenous antioxidants 
(Nrf-2 activation) and

Exogenous antioxidants
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This test of mitochondrial oxidation levels can also be done 
as a fingerprick test

Simple, can be done as a follow-up, or to check on your 
physical workup regime: are you over-training? 



Pyruvate is the product of glycolysis, and can either be 
transformed into lactate or transported into the mitochondria

Source: Tang, B. (2014) The Mitochondrial Pyruvate Carrier and Metabolic Regulation. CellBio, 3, 111-117. 04.01.24 34

Figure 1. Schematic diagram of a mitochondrion illustrating the cellular components associated 
with pyruvate transport and metabolism.

Glucose in cells is converted 
to pyruvate. It can then be 
converted to lactate in the 
cytoplasm or transported 
into the mitochondria via the 
mitochondrial pyruvate 
carrier (MPC). Ideally most of 
it gets into the mitochondria. 
Here, you can see that the 
MPC is blocked, so lactate 
will build up in the cytosol.

Lactate/Pyruvate 
Plus



Source: https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf; Prof. Dr. rer. nat. Brigitte König, 
MMD Labor; mitochondrial research by Martin D. Brand and others 04.01.24 35

The higher the value of lactate compared to pyruvate, the more glycolysis is 
occurring. A higher level of pyruvate compared to lactate is a prerequisite for 
successful transfer of substrates in the mitochondria for oxidative 
phosphorylation.

Lactate/pyruvate ratio Plus: shows what nutrients are being 
used as fuel for the mitochondria

Lactate/Pyruvate 
Plus

https://www.agilent.com/cs/library/usermanuals/public/103344-400.pdf


Lactate/pyruvate ratio Plus: shows what macronutrients are 
being used as fuel for the mitochondria
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This result:
Under pressure, the fuel is 
largely not going into the 
mitochondria, it is being 
recycled into lactate. The 
buildup can be very painful 
(fibromyalgia-type symptoms). 

Lactate/Pyruvate 
Plus



New test that shows whether the mitochondria are 
structurally intact or not – only £25 as an add-on
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A useful add-on to the mtDNA:nDNA test



Mitochondrial Fuel Utilisation shows up unusual 
results sometimes – here, no use of fatty acids at all
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Mitochondrial Fuel Utilisation here with very little 
glutamine (a), and no glucose at all (b)

a) b)



Order form available with and without prices



Many videos about the Seahorse technology available, and 
over 7,200 studies* for which the Seahorse has been used
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Videos are at the bottom of this page:
https://aonm.org/mitochondrial-testing/

* https://www.agilent.com/search/?N=4294836537

https://aonm.org/mitochondrial-testing/
https://www.agilent.com/search/?N=4294836537
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Thanks very much for your attention!


