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By arranging 10+5 talks, posters and 7+2 P-flashes in sequence of 

logically linked presentations, each of the 12 Sessions of MiP2014 

may be conceived as a team approach to elaborate a chain of 

connected topics from different points of view, proceeding on a 

common pathway towards a deeper understanding of mt-physiology. 

 

The MiPconference carries physiology in the title and received a 

prestigeous support by the biochemical INTERNATIONAL UNION OF 

BIOCHEMISTRY AND MOLECULAR BIOLOGY (IUBMB). This provides 

excellent testimony not only to the interdisciplinary nature but also to 

the recognition of the MiPsociety as an initiative building bridges. 
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MiPArt - Mitchell’s dream 
 

by Odra Noel 

http://odranoel.eu/category/mitochondrial-art 

 

Science is beautiful: it has truth, it has drama, it is full of wonder. The Mitchell’s 

dream series is a vision of some aspects of science through art. I hope it explains, 

inspires or makes you curious to find out more. 

 

 

 

  

http://odranoel.eu/category/mitochondrial-art/
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MiPArt - Mitchell’s equation 
 

by Erich Gnaiger 
 

Do you ever dream about an equation? 
 

The Mitchell’s dream series by Odra Noel is a dream on equations and shows a dream on 

the equation that penetrates all of biology since Peter D Mitchell started publishing on the 

protonmotive force equation [1]. Can we imagine how many dreaming was required until 

the chemiosmotic hypothesis emerged on energy coupling by the protonmotive force of 

oxidative phosphorylation in the bioblasts, which comprise the mitochondria, 

chloroplasts, bacteria and archaea? Seeing Odra Noel’s pictures on Mitchell’s dream 

provides insights into the equations of biophysics and biochemistry: these equations do 

not just belong to our books. They do belong to our cells, our bioblasts, to the living 

world. It is the mitochondria that help us to understand these equations, since the 

equations are in the mitochondria, they are the visible parts of the mitochondria and 

open insights into function beyond the visible form – this is mitochondrial physiology. 

 

Do you feel part of the equation? 
 

An equation (or it’s opposite) connects two sides by the equal (or unequal) sign, 
 

 = (1) 
 

The left side may show simply a symbol, 
 

 pmt =  



  8 

 

Mitochondrial Physiology – MiP2014 www.mitophysiology.org 

This symbol is defined as being equal to a combination of various parts on the right side,  
 

 pmt = electric part + chemical part (2) 
 

and these parts may again be shown simply as symbols, 
 

 pmt = Ψmt + µH+ / F (3) 
 

The electric part is the potential difference across the inner mitochondrial (mt) 

membrane, Ψmt. This suggests that the protonmotive force in the form of Equation 3 

should be expressed in the electric unit of volt [V]. Electric force of the mitochondrial 

membrane potential is the electric energy change per ‘motive’ electron or per electron 

moved across the transmembrane potential difference, with the number of ‘motive’ 

electrons expressed in the unit coulomb [C]. 

 Therefore, the chemical part, µH+/F, which stems from the difference of pH across the 

mt-membrane, contains a factor that bridges the gap between the electric force [J/C] 

and the chemical force [J/mol]. This factor is the Faraday constant, F, for conversion 

between electric force expressed in joules per coulomb or Volt [V=J/C] and chemical 

force with the unit joules per mole or Jol [Jol=J/mol], 
 

 F = 96.4853 kJol/V = 96,485.3 C/mol   
 

Generally, a force is the change of potentially available or ‘free’ energy (exergy) per 

‘motive’ unit [2]. The chemical force or chemical potential of the ‘motive’ proton is the 

exergy change [J] per ‘motive’ amount of substance [mol]. Protonmotive means that the 

proton is moved across the mt-membrane at pH maintained across the mt-membrane, 
 

 µH+ = -2.3∙RT∙pH (4) 
 

This chemical force is the difference () of chemical potential across the inner 

mitochondrial membrane. Mitchell’s equation and Odra Noel’s pictures don’t show proton 

gradients or membrane potential gradients – this dream belongs to another group.  

 The right side of Equations (2) and (3) helps us to separate the different parts, which 

require different methods of measurement, are expressed in different units, confuse us 

with different sign conventions and scientific nomenclature with terminological 

incompatibilities. On which side of the equation are you at home? Which part is more 

your part? Do you feel part of the equation? 
 

 On the other hand, the left side of the equation 

brings the different parts together in a unifying 

concept. With full focus on the equation, do we still 

see the mitochondria? Odra Noel places the sides and 

parts of the equation where they belong: They are 

parts of the bioblasts, they are the essence of the 

mitochondria themselves. Unification is brought to the 

limit of reduction in the form of Equation 1: 

 

 

 

 We have to write Ψmt to point out that the 

mitochondrial membrane potential difference is in our 

mind. However, Ψ in Odra Noel’s pictures is the 

mitochondrion, the mt does not have to be written 

into the pictures, mt is essentially shown by the 

pictures. The Mitchell’s dream series illustrates the 

importance of putting a symbol in the right form at 

the right place for understanding an equation and 

easily identifying the meaning of the symbol. 

Mitchell’s dream is a symbol of form and function – form and function is the 

mitochondrial physiologist’s dream. 
 

1. Mitchell P (1961) Coupling of phosphorylation to electron and hydrogen transfer by a chemi-osmotic type of 
mechanism. Nature 191: 144-148. – Photo: www.nobelprize.org/nobel_prizes/chemistry/laureates/1978/  

2. Gnaiger E (1993) Nonequilibrium thermodynamics of energy transformations. Pure Appl Chem 65: 1983-
2002. 

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1978/
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AA11  From genotype to mitochondrial 

phenotypes in health and disease 

 

A1-01 Cardiolipin is a key determinant for 

mitochondrial DNA stability and segregation. 
Luévano-Martínez LA, Forni FM, dos Santos VT, Souza-Pinto NC, 

Kowaltowski Alicia J 

Dept Bioquímica, Inst Química, Univ São Paulo, Brazil. - alicia@iq.usp.br 
 

Mitochondria play a key role in adapting to stress. Cardiolipin, the main anionic 

phospholipid in mitochondrial (mt) membranes, is expected to be a determinant in this 

adaptive mechanism, since it modulates the activity of most membrane proteins. 

Here, we used Saccharomyces cerevisiae, subjected to conditions that affect 

mitochondrial metabolism, as a model to determine the possible role of cardiolipin in 

stress adaptation. Interestingly, we found that thermal stress promotes an increase in 

cardiolipin content, modifying both surface charge and the physical state of mt-

membranes. These changes have effects on mtDNA segregation and mt-morphology, 

thus adapting cells to thermal stress. Conversely, since a cardiolipin synthase-null 

mutant strain is unable to adapt to thermal stress, this effect is cardiolipin-dependent. 

Interestingly, we found that the loss of cardiolipin specifically affects the segregation of 

mtDNA to daughter cells, leading to a respiratory deficient phenotype after replication. 

Furthermore, we provide evidence for a physical interaction between cardiolipin and the 

mitochondrial nucleoid.  

In summary, our results demonstrate that the mitochondrial lipid cardiolipin is a key 

determinant in the maintenance of mtDNA stability, morphology and segregation. 
 Funded by FAPESP, CNPq and NAP-Redoxoma. 

 

 

 

A1-02 Complementation of nuclear-encoded proteins 
which maintain mitochondrial DNA in 

Saccharomyces cerevisiae with homologous 
proteins from other fungi species. 
Kruszewski Jakub1, Golik P1,2 

1Inst Genetics Biotech, Univ Warsaw; 2Inst Biochem Biophysics, Polish Acad 

Sc, Warsaw; Poland. - j.kruszewski@biol.uw.edu.pl 
 

Yeast mitochondrial DNA polymerase (Mip1) and RNA polymerase (Rpo41) are nuclear-

encoded proteins, crucial for proper homeostasis of mitochondria and quality of 

mitochondrial DNA (mtDNA). Whereas organization of mitochondrial genome is different, 

even between related species, mitochondrial polymerases are highly evolutionary 

conserved in various organisms [1,2]. Complementation of Saccharomyces cerevisiae 

Mip1 and Rpo41 activity with proteins from other fungal species may help to understand 

mechanisms of mitochondrial polymerases specificity, their interactions with substrate 

and the general complexity of the mitochondrial-nuclear network [3,4]. 

We replaced activity of endogenous Mip1 and Rpo41 (separate experiments) from S. 

cerevisiae with their homologs from S. bayanus, S. paradoxus, Kluyveromyces lactis, 

Candida glabrata and Candida albicans [5]. We analyzed efficiencies of maintaining 

mtDNA quality in chimeric strains and compared them to wild type. To establish how 

efficiently non-native polymerases could process their substrates in S. cerevisiae, 

chimeric strains with homologs from other fungi species were created. Phenotype 

analysis of obtained strains included drop assay and petite frequencies analysis. For K. 

lactis, C. glabrata and C. albicans we created strains with promoters and terminators 

from those species and other strains with native versions from S. cerevisiae. 

mailto:j.kruszewski@biol.uw.edu.pl
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Our results show that it is possible to complement activity of those polymerases with 

homologous proteins from related species, and that promoters and terminators from 

another yeast species are recognized by S. cerevisiae transcription factors. Therefore, we 

suggest that the described chimeric strains of baker’s yeast can be used as a model for 

studying mutual evolution of mtDNA and nuclear-encoded proteins. 
 

1.  Viikov K, Väljamäe P, Sedman J (2011) Yeast mitochondrial DNA polymerase is a highly processive single-
subunit enzyme. Mitochondrion 11: 119-26. 

2.  Paratkar S, Deshpande AP, Tang GQ, Patel SS (2011) The N-terminal domain of the yeast mitochondrial RNA 
polymerase regulates multiple steps of transcription. J Biol Chem 286: 16109-20. 

3.  Chou JY, Leu JY (2010) Speciation through cytonuclear incompatibility: insights from yeast and implications 
for higher eukaryotes. Bioessays 32: 401-11. 

4.  Lipinski KA, Kaniak-Golik A, Golik P (2010) Maintenance and expression of the S. cerevisiae mitochondrial 
genome--from genetics to evolution and systems biology. Biochim Biophys Acta 1797: 1086-98. 

5.  Chou JY, Hung YS, Lin KH, Lee HY, Leu JY (2010) Multiple molecular mechanisms cause reproductive 
isolation between three yeast species. PLoS Biol 8: e1000432. 

 

 

A1-03 YER077C encodes a novel PPR protein essential 
for mitochondrial genome expression in 

Saccharomyces cerevisiae. 
Zapisek Bartosz1, Golik P1,2 

1Inst Genet Biotechn, Univ Warsaw; 2Inst Bioch Biophysics, Polish Acad Sc, 

Warsaw; Poland. - bzapisek@biol.uw.edu.pl 
 

Mitochondria possess a residual genome which encodes only a few proteins, including 

some key proteins of oxidative phosphorylation (OXPHOS) complexes. Therefore, the 

mitochondrial genome maintenance and expression is highly dependent on a variety of 

proteins encoded by the nuclear genome [1,2]. Pentatricopeptide repeat (PPR) proteins 

form the largest known RNA-binding protein family and are found in all eukaryotes, 

where they play an essential role in organellar genome expression [3]. The budding 

yeast Saccharomyces cerevisiae has traditionally been a leading model for the study of 

mitochondrial gene expression and the biogenesis of OXPHOS complexes [4]. 

We report a new nuclear gene, reading frame ∆yer077C on chromosome V, encoding a 

mitochondrial PPR protein required for the proper expression of mitochondrial genetic 

information on the RNA level in S. cerevisiae. Regardless of the presence of introns in 

mtDNA, the lack of ∆yer077C gene product results in a complete loss of respiratory 

capacity and increased mtDNA instability leading to conversion to ρ−/ρ0 petites. Northern 

analysis of mitochondrial RNA in the ∆yer077C strain revealed the abolished levels for 

the transcripts encoding essential subunits for the mitochondrial cytochrome bc1 and 

ATPase complexes (i.a. accumulation of pre-RNA and strongly decreased levels of 

mRNA). Sucrose gradient sedimentation analyses suggest that yer077cp might bind to a 

small subunit of mitochondrial ribosome and also to fully assembled mitoribosomes. 

In view of our results and the RNA-binding properties of known PPR proteins, we 

conclude that yer077cp is an important factor for mitochondrial RNA maturation and 

stability and thus an essential component of the mitochondrial gene expression system. 

The interaction with mitoribosomes might also reveal yer077cp as a potential mRNA 

translational activator which has already been annotated for other yeast PPR proteins 

[5]. 
 

1.  Lipinski KA, Kaniak-Golik A, Golik P (2010) Maintenance and expression of the S. cerevisiae mitochondrial 
genome - from genetics to evolution and systems biology. Biochim Biophys Acta 1797: 1086-98.  

2.  Foury F (2002) Yeast nuclear genes for mtDNA maintenance. Meth Mol Biol 197: 139-49. 
3.  Herbert CJ, Golik P, Bonnefoy N (2013) Yeast PPR proteins, watchdogs of mitochondrial gene expression. 

RNA Biol 10: 1477-94.  
4.  Foury F, Kucej M (2002) Yeast mitochondrial biogenesis: a model system for humans? Current Opinion 

Chem Biol 6: 106-11. 
5.  Herrmann JM, Woellhaf MW, Bonnefoy N (2013) Control of protein synthesis in yeast mitochondria: the 

concept of translational activators. Biochim Biophys Acta 1833: 286-94. 
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A1–04 Balanced ratio of anionic mitochondrial 
phospholipids is important for mitochondrial 

functions in the yeast Saccharomyces 
cerevisiae. 
Balážová Mária, Griač P 

Dept Biochem of Biomembranes, Inst of Animal Biochem and Genetics, 

Slovak Acad of Sc, Ivanka pri Dunaji, Slovakia. – maria.balazova@savba.sk 
 

Phosphatidylglycerol (PG) is a metabolic precursor to the anionic mitochondrial 

phospholipid, cardiolipin (CL). The typical feature of a mutant without CL synthase 

(crd1) is a lack of CL and accumulation of PG. Deletion of the PGC1 gene encoding PG 

specific phospholipase C also causes accumulation of PG, especially in inositol-free media 

[1]. The major difference in phospholipid composition between S. cerevisiae crd1 and 

pgc1 mutant mitochondria is a lack of CL in the crd1 mutant strain. In the present 

work we investigate the impact of PG accumulation on mitochondrial functions to better 

understand how controlling anionic phospholipid levels affects cellular functions.  

Our results indicate that accumulation of PG in mitochondria of the pgc1 mutant with 

normal levels of CL causes growth defects at increased temperature, decreased 

respiratory control ratio, increase of respiration rates 3- and 4-fold compared to the wild 

type. These results complement already published data [2], which suggests that a lack of 

CL in the crd1 mutant results in defects in cell wall biosynthesis, in reduced survival at 

increased temperature and in mitochondrial DNA instability. Recently, it was shown that 

the absence of CL in the crd1 mutant causes reduced respiratory control ratio and 

destabilization of supercomplexes of the respiratory chain [3].  

 Taken together, our results indicate that not only a lack of anionic phospholipids but 

also the excess of PG or unbalanced ratio of anionic phospholipids in mitochondrial 

membranes has harmful consequences for mitochondrial functions. 
 Supported by the Slovak Grant Agency of Science (VEGA 2/0168/14) and the Slovak Research and 

Development. Agency contracts No. LPP-0291-09 and APVV-0123-10. 

1.  Simockova M, Holic R, Tahotna D, Patton-Vogt J, Griac P (2008) Yeast Pgc1p (YPL206c) controls the amount 
of phosphatidylglycerol via a phospholipase C-type degradation mechanism. J Biol Chem 283: 17107-15. 

2.  Zhong Q, Gohil VM, Ma L, Greenberg ML (2004) Absence of cardiolipin results in temperature sensitivity, 
respiratory defects, and mitochondrial DNA instability independent of pet56. J Biol Chem 279: 32294-300.  

3.  Baile MG, Sathappa M, Lu YW, Pryce E, Whited K, McCaffery JM, Han X, Alder NN, Claypool SM (2013) J Biol 
Chem 289: 1768-78. 

 

 

A1-05 Proteomic analysis of mitochondrial Complex I 

deficient mouse model - impact of Complex I 
deficiency on p66Shc-Ser36 phosphorylation 

pathway in NDUFS4-/- mouse tissues. 
Wojtala Aleksandra1

, Koopman W2
, Willems PH2

, Smeitink JA2
, 

Duszynski J1
, Wieckowski MR1 

1Dept Biochem, Nencki Inst Experimental Biol, Warsaw, Poland; 2Radbound Univ Medical 

Centre, Nijmegen, The Netherlands. - a.wojtala@nencki.gov.pl 
 

Key mitochondrial energy-providing reactions are carried out by the oxidative 

phosphorylation system (OXPHOS), involving the electron transfer and phosphorylation 

systems including F1Fo-ATP synthase. The most common OXPHOS disorder in humans is 

associated with Complex I deficiency, leading to fatal encephalomyopathies of early 

childhood- Leigh-like syndrome [1]. The growth factor adaptor protein p66Shc has a 

substantial impact on mitochondrial metabolism through regulation of cellular responses 

to oxidative stress. A low level of p66Shc protein or its complete ablation protects against 

numerous age-related disorders and may partially prevent pathologies caused by reactive 

oxygen species (ROS). On the other hand, a high level of p66Shc phosphorylation is 

correlated with increased intracellular ROS production [2,3]. 

Organs from NDUFS4-/- mice with Complex I deficiency were used as a model of self-

propelling intracellular oxidative stress. The status of the antioxidant defense system, 

oxidative stress markers and the p66Shc-Ser36 phosphorylation pathway were measured 

mailto:maria.balazova@savba.sk
http://www.ncbi.nlm.nih.gov/pubmed/15169766
http://www.ncbi.nlm.nih.gov/pubmed/15169766
mailto:a.wojtala@nencki.gov.p
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in these tissues. Mass spectrometry analysis was also performed for selected NDUFS4-/- 

mouse tissues.  

In our study, mice with defective Complex I were characterized by attenuated 

intracellular oxidative stress, connected with increased p66Shc phosphorylation. Mass 

spectrometry revealed aberrations in the level of Complex I proteins and oxidative 

stress- related proteins, as well as other proteins involved in metabolic processes.  
 Supported by the Statutory Founding from Nencki Institute of Experimental Biology and Polish Ministry of 

Science and Higher Education grant W100/HFSC/2011. 
1.  Distelmaier F, Koopmann WJ, van den Heuvel PL, Rodenburg RJ, Mayatepek E, Willems PH, Smeitink JA 

(2009) Mitochondrial Complex I deficiency: from organelle dysfunction to clinical disease. Brain 132: 833–
42. 

2.  Pinton P, Rimessi A, Marchi S, Orsini F, Migliaccio E, Giorgio M, Contursi C, Minucci S, Mantovani F, 
Wieckowski MR, Del Sal G, Pelicci PG, Rizzuto R (2007) Protein kinase C beta and prolyl isomerase 1 
regulate mitochondrial effects of the life-span determinant p66Shc. Science 315: 659-63. 

3.  Suski JM, Karkucinska-Wieckowska A, Lebiedzinska M, Giorgi C, Szczepanowska J, Szabadkai G, Duszynski 
J, Pronicki M, Pinton P, Wieckowski MR (2011) p66Shc aging protein in control of fibroblasts cell fate. Int J 
Mol Sci 12: 5373-89. 

 
 

A1-06 Reversible mitochondrial DNA mutagenesis. 
Wang W1,2, Scheffler K1,2, Esbensen Y3, Strand JM1,2, Stewart 

JB4, Askeland G1, Bjørås M1,2, Eide Lars1 

1Dept Medical Biochem; 2Dept Microbiol; Oslo Univ Hospital, Univ Oslo, 

Norway; 3Dept Clinical Molec Biol Lab Sc (EpiGen), Div Medicine, 

Akershus Univ Hospital and Univ Oslo, Lørenskog, Norway; 4Max Planck 

Inst Biology of Ageing, Cologne, Germany. - lars.eide@medisin.uio.no 
 

Mitochondrial mutations can result in mitochondrial dysfunction, depending on the 

fraction of mutated molecules as well as the type of the mutation. We have 

established high-resolution techniques to quantify mutation frequency in 

mitochondrial DNA (mtDNA) and to measure errors in mitochondrial RNA (mtRNA). 

Comparing mtDNA mutation frequency with mtRNA integrity allows us to estimate the 

tolerance level for mtDNA mutation frequency.  

The mtDNA mutation frequency in embryonic stem (ES) cells is higher than in the 

aged brain, indicating that mutated mtDNA molecules are deselected during 

development. mtRNA polymerase introduces errors at a frequency that exceeds the 

high mutation frequency in ES mtDNA, thereby providing an explanation for the 

apparent high tolerance for ES mtDNA mutations. 

In order to characterize the dynamics in mtDNA mutagenesis further, we evaluate 

mtDNA mutagenesis during induced pluripotent stem (iPS) cell reprogramming and 

subsequent re-differentiation. Our results show that iPS cell reprogramming induces 

mutated mtDNA molecules, which are subsequently removed upon re-differentiation.  

We are currently investigating the role of mtDNA repair in this reversible mtDNA 

mutagenesis.  
 
 

A1-07 Quantitative regulation of nuclear gene 

expression by mitochondrial DNA heteroplasmy. 
Picard Martin1, Zhang J2, Hancock S3, Derbeneva O1, Golhar R4, 

Golik P5, O’Hearn S6, Levy SE7, Potluri P1, Lvova M1, Davila A1, 

Lin CS1, Perin JC8, Rappaport EF8, Hakonarson H3, Trounce I9, 

Procaccio V10, Wallace DC1 

1Center Mitoch Epigenomic Med; 2School Biol Sc, Univ Hong Kong, PRC; 
3Trovagene, 11055 Flintkote Ave, San Diego, USA; 4Center Applied 

Genomics, Div Genetics, Dep Pediatrics; 
5Inst Genetics Biotech, Warsaw Univ, Poland; 6Morton Mower Central Research Lab, Sinai 

Hospital Baltimore, USA; 7Genomics Services Lab, HudsonAlpha Inst Biotech, Huntsville, 

USA; 8Nucleic Acid/Protein Research Core Facility; 9Centre Eye Research Australia, Royal 

Victorian Eye Ear Hospital, Melbourne, Australia; 10Dept Biochem Genet, Nat Center 

Neurodegenerative Mitochon diseases, CHU Angers, France; 1,4,8Children’s Hospital 

Philadelphia, USA. - picardm@email.chop.edu 

mailto:lars.eide@medisin.uio.no
http://www.linkedin.com/company/uniwersytet-warszawski?trk=ppro_cprof
http://www.zoominfo.com/#!search/profile/company?companyId=350994202&targetid=profile
mailto:picardm@email.chop.edu
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Mitochondrial disorders caused by mtDNA mutations result in heterogeneous and organ-

specific symptoms, but the cellular basis for this phenomenon is unknown [1]. Beyond a 

central role in energy production, mitochondrial metabolism involves key molecular 

substrates that modify transcriptional processes and the epigenome, suggesting that 

mitochondria actively regulate nuclear gene expression in complex ways [2]. To address 

this question, we introduced different proportions of normal and mutant mitochondrial 

DNA (termed heteroplasmy) of the most common human pathogenic mtDNA point 

mutation (tRNALeu(UUR) 3243A>G) [3] to a series of human syngenic cybrid cell lines. 

Increasing mutation load from 0 to 100% resulted in a progressive loss of electron 

transfer system subunits and a range of respiratory system impairment from mild to 

severe. In contrast, RNA sequencing revealed broad genome-wide expression profiles 

and specific functional pathways strongly affected in a dose-response, but biphasic 

manner. These notably included chromatin components such as histone variants, 

chromatin-remodeling factors of the SWI/SNF family and the DNA methyltransferases.  

Likewise, mtDNA transcript levels were modified, following a similar bi-phasic pattern. 

Gene ontology and functional pathway analysis indicated that, consistent with clinical 

disease presentation, mild bioenergetic defects mainly downregulated gene families 

associated with energy metabolism and intracellular signaling, whereas more severe 

bioenergetic defects activated distinct non-overlapping pathways previously associated 

with neurodegeneration. Increasing heteroplasmy levels also modified cellular and 

nuclear volumes, mitochondrial morphology and ultrastructure, and mtDNA copy number. 

Thus, the same mtDNA mutation can result in a multifinality of cellular and 

transcriptional phenotypes, depending upon its intracellular levels. Overall, these data 

establish that even mild mitochondrial defects triggered by mtDNA heteroplasmy induce 

broad transcriptional changes throughout the nuclear genome. This, along with cell-

specific, may contribute to explain the heterogeneous and organ-specific nature of 

mitochondrial disorders. 
 Supported by NIH, Simons Foundation. 
1.  Taylor RW, Turnbull DM (2005) Mitochondrial DNA mutations in human disease. Nat Rev Genet 6: 389-402. 
2.  Wallace DC, Fan W. (2010) Energetics, epigenetics, mitochondrial genetics. Mitochondrion 10: 12–31. 
3.  Hämäläinen RH, Manninen T, Koivumäki H, Kislin M, Otonkoski T, Suomalainen A (2013) Tissue- and cell-

type-specific manifestations of heteroplasmic mtDNA 3243A>G mutation in human induced pluripotent stem 
cell-derived disease model. Proc Natl Acad Sci USA 110: 3622-30. 
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Mitochondrial function in energy production and biosynthesis is dependent on 

coordination of nuclear and mitochondrial gene expression. Defects in either genome can 

result in a wide spectrum of disease phenotypes. Alpers syndrome is a progressive, 

neurodegenerative disorder that is characterized by psychomotor regression, seizures 

and diffuse degeneration of cerebral grey matter [1]. Although the genetic etiology is 

unknown in most patients, several mutations targeting components of mtDNA 

maintenance and expression have been described [2]. Using whole-exome sequencing, a 

patient with Alpers syndrome was found to have a homozygous missense mutation in the 

asparaginyl-tRNA synthetase gene, encoding mitochondrial asparagine-tRNA ligase 

(AsnRS) [3]. AsnRS is a class II aminoacyl tRNA-synthetase whose function is poorly 

characterized. By similarity to other class II enzymes, it is predicted to function as a 

homodimer. The crystal structure of the P. horikoshii [4] AsnRS homolog and in silico 

modeling of AsnRS suggest that the affected Pro214 residue is located at the base of a 

loop that protrudes out from the main body of the folded protein, suggesting it may 

participate in monomer-monomer interaction. In this study, we aimed to characterize the 

AsnRS p.P214L mutation in fibroblasts derived from the patient. 
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Mitochondrial polarography, performed previously on isolated mitochondria from 

skeletal muscle, revealed decreased oxygen consumption in the presence of Complex I 

and IV substrates as well as decreased respiratory enzyme activities. Protein abundance, 

measured by Western blot on fibroblast lysates, of a marker of Complex II was 

unaltered, whereas markers of Complex IV (COX IV – nuclear gene, and MT-CO1 – 

mitochondrial) were both increased in the patient compared to the control. Abundance of 

AsnRS protein was reduced by 63% in the patient, suggesting altered regulation of 

protein stability. Finally, preliminary results from size exclusion gel filtration under non-

denaturing conditions indicated a shift in motility of AsnRS in the patient, suggestive of 

reduced dimerization. 

In combination with previous clinical data, our results show that the AsnRS p.P214L 

mutation found in the patient is correlated with altered mitochondrial protein expression 

and regulation. Awaiting confirmation of our results, we hope to demonstrate that AsnRS 

indeed exists as a homodimer in the mitochondria. Future experiments should address 

the mechanistic link between disturbed dimerization and tRNA aminoacylation. 
 Supported by LUA/ALF grant from Sahlgrenska University Hospital. 
1.  Alpers BJ (1931) Diffuse progressive degeneration of the gray matter of the cerebrum. Arch Neurol 

Psychiatry 25: 469-505. 
2.  Ylikallio E, Suomalainen A (2012) Mechanisms of mitochondrial diseases. Ann Medicine 44: 41-59. 
3.  Sofou K (2014) Whole exome sequencing reveals mutations in NARS2 and PARS2, encoding the 

mitochondrial asparaginyl-tRNA synthetase and prolyl-tRNA synthetase, in patients with Alpers Syndrome. 
Unpublished data. 

4.  Iwasaki W, Sekine S, Kuroishi C, Kuramitsu S, Shirouzu M, Yokoyama S (2006) Structural basis of the 
water-assisted asparagine recognition by asparaginyl-tRNA synthetase. J Mol Biol 360: 329-42. 
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Mitochondrial disorders due to maternally transmitted dysfunction of ATP synthase are 

frequently caused by missense mutations in the mtDNA MTATP6 gene. A different type of 

MTATP6 mutation is represented by a unique 9205delTA microdeletion which disrupts the 

STOP codon of the MTATP6 gene and affects the cleavage site in the 

MTATP8/MTATP6/MTCO3 polycistronic transcript. This change interferes with the 

processing and translation of mRNAs for the ATP6 subunit (Fo-a) of the ATP synthase and 

Cox3 subunit of the cytochrome c oxidase (Complex IV, CIV). Two cases, described so 

far, presented strikingly different clinical phenotypes – mild transient lactic acidosis or 

fatal encephalopathy [1,2]. To gain more insight into the pathogenic mechanism, we 

prepared 9205delTA cybrids with a mutation load between 50–100% and investigated 

changes in the structure and function of ATP synthase and CIV. 

We found that 9205delTA mutation diminishes the synthesis of both Fo-a and Cox3 

proteins, alters the structure but not the content of ATP synthase, decreases the content 

of CIV and prevents most of the mitochondrial ATP production. The ATP synthase 

complex was assembled without Fo-a subunit but it was rather labile. It retained ATP 

hydrolytic activity but was unable to synthesize ATP. The biochemical effects displayed a 

pronounced threshold effect above 85% of mutation heteroplasmy. Since the relationship 

between the reduction of subunit Fo-a or Cox3 content and functional impairment was 

linear, the threshold effect originated primarily from a gene-protein level. 
 Supported by the Grant Agency of the Czech Republic (14-368046) and Ministry of education, youth and 

sports of the Czech Republic (LL1204). 
1.  Seneca S, Abramowicz M, Lissens W, Muller MF, Vamos E, de Meirleir L (1996) A mitochondrial DNA 

microdeletion in a newborn girl with transient lactic acidosis. J Inherit Metab Dis 19: 115-8. 
2.  Jesina P, Tesarova M, Fornuskova D, Vojtiskova A, Pecina P, Kaplanova V, Hansikova H, Zeman J, Houstek J 

(2004) Diminished synthesis of subunit a (ATP6) and altered function of ATP synthase and cytochrome c 
oxidase due to the mtDNA 2 bp microdeletion of TA at positions 9205 and 9206. Biochem J 383: 561-71. 
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Previous studies have demonstrated that young lean insulin resistant offspring of parents 

with type II diabetes have decreased insulin-stimulated rates of muscle mitochondrial 

ATP production, but the mechanism responsible for this phenomenon remains unclear 

[1]. In this study we examine the potential role of decreased insulin-stimulated 

phosphate transport in this process.  

To examine this hypothesis we assessed the impact of hypophosphatemia on basal 

and insulin-stimulated rates of muscle ATP synthesis in vivo, using 31P NMR saturation 

transfer experiments. We applied this 31P NMR method to assess rates of muscle ATP 

synthesis in two mouse models of hypophosphatemia: a diet-induced mouse model of 

hypophosphatemia and a renal phosphate transporter knock out mouse model of 

hypophosphatemia (NaPi2a-/-). Using this approach, we observed a strong association 

between serum phosphate levels with Pi-ATP flux (JATP) in skeletal muscle in both mouse 

models of hypophosphatemia. Low plasma Pi levels in these animals led to decreased 

JATP, while restoration of Pi to normophosphatemic levels concomitantly normalized JATP. 

Furthermore, insulin-stimulation increased muscle JATP by ~20% (P<0.05) in wild type 

mice but did not increase JATP in the hypophosphatemic NaPi2a-/- mice, indicating an 

important role of Pi mediating insulin’s anabolic effects on ATP synthase flux.  

The same pattern was observed in a patient with hypophosphatemia due to a mutation 

in the renal phosphate transporter NaPi2c gene. This patient, presented with 

hypophosphatemia and manifested low muscle JATP, assessed by 31P NMR saturation 

transfer experiments, compared to normophosphatemic age-weight matched control 

subjects. Furthermore, the low JATP in this patient normalized following supplementation 

with oral phosphate salts and normalization of his plasma phosphate concentrations.  

Taken together, these results demonstrate an important role for phosphate in the 

regulation of basal and insulin-stimulated rates of muscle ATP synthesis and may, in part, 

explain the symptoms of muscle fatigue in patients with genetic disorders of phosphate 

metabolism. 
 DP was supported by the Austrian Science Fund (FWF), project number J 3267. 
1.  Petersen KF, Dufour S, Befroy D, Garcia R, Shulman GI (2004) Impaired mitochondrial activity in the 

insulin-resistant offspring of patients with type 2 diabetes. N Engl J Med 350: 664-71. 
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Mitochondrial fusion and fission are key processes, regulating mitochondrial 

  morphology. Mitochondrial fusion is catalyzed by Mfn1, Mfn2 and OPA1 in 

  mammalian cells, whereas mitochondrial fission is operated by another set 

  of proteins. Mfn2 protein seems to play a specifically complex role in  

  mitochondria. It regulates mitochondrial morphology, and, in addition, it 

also controls endoplasmic reticulum morphology and function. Mfn2 expression is 

exquisitely regulated in skeletal muscle. It is up-regulated in skeletal muscle as response 

to chronic exercise and upon cold exposure. In contrast, Mfn2 is repressed in muscles 

from high-fat fed mice or in obese or type 2 diabetic individuals. 

Changes in Mfn2 expression have a marked impact on mitochondrial metabolism. 

Skeletal muscles obtained from Mfn2 KO mice show a reduced respiratory control ratio, 

which occurs in the absence of significant changes in OXPHOS capacity and LEAK 

respiration. Mfn2-ablated soleus muscles also show reduced glucose oxidation and 

reduced expression of some OXPHOS subunits. Additional evidence, indicating that Mfn2 

deficiency causes mitochondrial dysfunction, comes from studies in muscle cells in 

culture. The content of hydrogen peroxide was also enhanced in skeletal muscle upon 

Mfn2 depletion or in Mfn2-silenced muscle cells. These results occurred in the presence of 

a normal antioxidant defense.  

 Skeletal muscle Mfn2 KO mice also show susceptibility to develop insulin resistance in 

response to a high fat diet or to aging. In keeping with this, defective insulin signaling is 

detected in Mfn2-deficient mice treated with a high fat diet in response to in vivo insulin 

administration. Mfn2 knockdown muscle cells also show an impaired capacity to respond 

to insulin. 

In summary, available data indicate that Mfn2 regulates metabolism and insulin 

signaling in skeletal muscles and may contribute to the pathophysiology in obesity and 

type 2 diabetes. 
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As our relationship with mitochondria evolves, we remain fascinated by

  the impact of this organelle in two seemingly unrelated conditions: aging 

and metabolic diseases. While aging involves insufficiency of mitochondrial quality control 

and turnover mechanisms (such as autophagy), type II diabetes and obesity are 

influenced by the ability of the organism to deal with excess nutrient environment. The 

observation that both conditions are impacted by the duration of exposure to excess 

nutrient environment raises the question: Are the tasks of handling nutrients in excess 

and maintaining quality control ever in conflict? Mitochondria go through continuous 

cycles of selective fusion and fission, referred to as the “mitochondrial life cycle”, to 

maintain the quality of their function [3-5]. Changes in mitochondrial architecture can 

represent an adaptation of mitochondria to respire according to the bioenergetic needs of 

the cell [2]. Conditions requiring high mitochondrial ATP synthesis capacity and/or 

efficiency, such as limited nutrient availability, are associated with mitochondrial 

AA22  Mitochondrial structure and function: 
fission and fusion to supercomplexes 
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elongation [1]; reviewed in [2], while conditions of excess energy supply and relatively 

low ATP demand, such as beta-cells exposed to excess nutrients, induce mitochondrial 

fragmentation [6]. This raises the possibility that mitochondrial fragmentation supports 

uncoupled respiration and thus increases energy expenditure by promoting nutrient 

oxidation towards heat production, rather than towards mitochondrial ATP synthesis.  

To test this hypothesis, we explored a system where a robust shift from coupled to 

uncoupled respiration and increased energy expenditure can occur. The brown adipocyte 

offers a unique system where transition to uncoupling can occur within minutes and in a 

physiological rather than pathological context. Therefore, it represents an attractive 

model for studying the regulation of energy expenditure induced by hormones.  

Our results indicate that norepinephrine induces changes to mitochondrial architecture 

that serve as an amplification pathway for uncoupling in brown adipocytes. Remarkably, 

we now have evidence that similar changes, though at a longer time scale, occur in the 

beta cells under excess nutrient environment. In the beta cell, nutrient–induced 

fragmentation is associated with increased uncoupling and the enhanced consumption of 

excess nutrients, thereby serving as an adaptive mechanism.  

Placement of bioenergetic adaptation and quality control as competing tasks of 

mitochondrial dynamics might provide a new mechanism, linking excess nutrient 

environment to progressive mitochondrial dysfunction, common to age-related diseases. 
 

1. Gomes LC, Di BG, Scorrano L (2011) During autophagy mitochondria elongate, are spared from degradation 
and sustain cell viability. Nat Cell Biol 13: 589-98. 

2. Liesa M, Shirihai OS (2013) Mitochondrial dynamics in the regulation of nutrient utilization and energy 
expenditure. Cell Metab 17: 491-506. 

3. Mouli PK, Twig G, Shirihai OS (2009) Frequency and selectivity of mitochondrial fusion are key to its quality 
maintenance function. Biophys J 96: 3509-18. 
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Within living cells, individual mitochondria are motile and continuously divide and fuse 

(mitochondrial dynamics). It appears that these processes allow dissipation of metabolic 

energy, complementation of mtDNA mutations, separation of mitochondrial content 

between daughter cells, apoptosis induction and turnover of damaged organelles by 

mitophagy. Between different cell types and experimental conditions mitochondria 

display a large variety of shapes. These range between “giant” spherical and 

“hyperfused” tubular morphologies. The various structural phenotypes likely represent 

different metabolic states and are important for mitochondrial adaptation to metabolic 

stress. Interestingly, evidence was provided that changes in mitochondrial volume and 

(ultra)structure directly affect the properties of (diffusion-limited) biochemical reactions 

within the mitochondrial matrix. This might allow cells to control the dynamics of 

biochemical reactions in this compartment by modifying its nanostructure. During both 

normal and pathological conditions mitochondria and other cellular constituents generate 

reactive oxygen species (ROS) which can act as signaling and/or damaging molecules. 

mailto:w.koopman@ncmls.ru.nl
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Accumulating evidence suggests a mechanistic link between cellular and mitochondrial 

ROS signals and mitochondrial (ultra)structure and motility. The fact that mitochondria 

can be important sources of cellular ROS, especially under pathophysiological conditions, 

opens the intriguing possibility that mitochondrial ROS could act as autoregulatory 

factors of mitochondrial (and thereby cellular) function and metabolism. 
 Supported by the “Centres for Systems Biology Research initiative” (CSBR09/013V) of NWO (The 

Netherlands Organisation for Scientific Research). 
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Adrenergic stimulation of brown adipocytes (BA) induces mitochondrial uncoupling, 

thereby increasing energy expenditure by shifting nutrient oxidation towards 

thermogenesis [1]. The brown adipocyte is a unique system to study the relationship 

between mitochondrial architecture and bioenergetic function. Here we describe that 

mitochondrial dynamics is a physiological regulator of adrenergically‐induced changes in 

energy expenditure.  

Brown pre-adipocyes were harvested from 4-week-old wild-type male C57BL6/J mice 

and differentiated in culture. Oxygen consumption was measured using Seahorse XF24. 

Mitochondrial membrane potential was measured using TMRE and Zeiss LSM 710 confocal 

microscope. Measurements were taken before and after activation with NE (1 uM) and 

FFA (palmitate or oleate, 0.4 mM). 

The sympathetic neurotransmitter norepinephrine (NE) induced complete and rapid 

mitochondrial fragmentation in BA, characterized by Drp1 phosphorylation and Opa1 

cleavage. Mechanistically, NE‐mediated Drp1 phosphorylation was dependent on protein 

kinase‐A (PKA) activity [2], whereas Opa1 cleavage required mitochondrial 

depolarization, mediated by FFAs released as a result of lipolysis. This change in 

mitochondrial architecture was observed both in primary cultures and brown adipose 

tissue from cold‐exposed mice. Mitochondrial uncoupling, induced by NE in brown 

adipocytes, was reduced by inhibition of mitochondrial fission through transient Drp1 DN 

overexpression. Furthermore, forced mitochondrial fragmentation in BA through Mfn2 

knock down increased the capacity of exogenous FFAs to increase energy expenditure. 
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Figure 1. Mitofilin 3D immunocytochemistry. 

These results suggest that, in addition to its ability to stimulate lipolysis, NE induces 

energy expenditure in BA by promoting mitochondrial fragmentation. Taken together 

these data reveal that adrenergically‐induced changes of mitochondrial dynamics are 

required for BA thermogenic activation and for the control of energy expenditure. 
 Supported by T32 Cardiovascular Biology training grant. 
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 Hackenbrock’s classic observation [1] distinguished orthodox cristae at a 

resting LEAK state and condensed cristae conformation for isolated mitochondria at the 

active phosphorylating OXPHOS state, which are, however, not encountered in situ [2]. 

Since it resides in MINOS complexes, joining the mitochondrial inner membrane, mtIM, 

and outer membrane (mtOM), the mtIM protein mitofilin contributes to cristae shapes. 

The aim of our study was to find out how altered metabolism at hypoxia is reflected by 

changes in cristae morphology.  

3D dSTORM microscopy (3D immunocytochemistry) showed distinct mitofilin foci 

projected on the mtOM in HepG2 cells cultivated for 72 h at 5% oxygen (termed "hypoxic 

cells"), while the mtOM-projected surface density of mitofilin molecules vs. normoxic cells 

decreased by ~40% (Figure 1), accompanied by ~20% loss of mitofilin and its transcript. 

Cryo–electron microscopy documented intracristal space (ICS) expansion by cristae width 

increase, predominantly in glycolytic cells, not occurring in reduced or mtOM–detached 

cristae of OPA1– and mitofilin–silenced HepG2 cells, respectively. The hypoxic ICS 

expansion resembles Hackenbrock’s classic observation of condensed cristae [1]. 

Moreover, we confirmed paradoxical observations of orthodox cristae in cells undoubtedly 

phosphorylating, which had more shrunken ICS and expanded matrix space at 

atmospheric oxygen. In turn, upon hypoxia, the IMS expansion reflected the established 

Hackenbrock condensed cristae conformation [1]. 

Furthermore, ATP-

synthase dimers vs. 

monomers ratio and 

OXPHOS/LEAK respiratory 

control ratios were higher 

under normoxia.  

 Since these ATP-

synthase dimers predomi-

nantly locate at sharp 

cristae edges, whereas at 

hypoxic ICS expansion 

these edges are disrupted 

at more round cristae, we 

hypothesize that for 

glycolytic cells the ICS 

expansion represents adaptation, decreasing the number of ATP-synthase dimers, 

serving for ATP synthesis downregulation during cell survival under hypoxia. 
 Supported by GACR grants P302/10/0346 and 13-02033S.  
1.  Hackenbrock CR (1966) Ultrastructural bases for metabolically linked mechanical activity in mitochondria. I. 

Reversible ultrastructural changes with change in metabolic steady state in isolated liver mitochondria. J Cell 
Biol 30: 269–97. 
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Huntington’s disease (HD) is characterized by motor disturbances associated with 

dysfunction and degeneration of the medium spiny neurons within the striatum [1,2]. 

The molecular mechanisms underlying striatal vulnerability are still unknown, but 

growing evidence suggests that mitochondrial dysfunction occurs during the 

pathogenesis of the disease [3]. We previously described that deregulation of cyclin-

dependent kinase 5 (Cdk5), activity induced by mutant huntingtin, increases the 

susceptibility of striatal neurons to dopamine via D1 receptor activation [4]. 

Interestingly, Cdk5 has been shown to act as a mitochondrial regulator during neuronal 

apoptosis [5]. 

We investigated whether this aberrant Cdk5 signalling contributes to the striatal 

neurodegeneration by altering mitochondrial dynamics processes. We first observed that 

presence of striatal cells expressing mutant huntingtin (mHtt) increased mitochondrial 

fragmentation which worsens after dopaminergic stimuli. These mitochondrial defects can 

be widely rescued by Cdk5 inhibition with roscovitine or Cdk5 knockdown with siRNA 

transfection. Furthermore, we found that mHtt deregulates the levels and the subcellular 

distribution of fission/fusion proteins, while activation of D1 receptors promotes an 

increase of fission protein Drp1 levels and its translocation to the mitochondria. We 

demonstrated that mHtt-induced Cdk5 activation is involved in the deregulation of the 

Drp1 GTPase activity, since its inhibition prevents the aberrant activation of this fission 

protein. 

In summary, our findings support the hypothesis that Cdk5 plays a crucial role in 

mitochondrial defects involved in the striatal neurodegeneration in HD. 
 Supported by Ministerio de Innovación y Ciencia SAF2012-39142, CHDI  Ministerio de Sanidad y Consumo 

(CIBERNED CB06/05/0054), Fundación Ramón Areces. 
1.  Ferrante RJ, Kowall NW, Beal MF, Martin JB, Bird ED, Richardson EP Jr (1987) Morphologic and 

histochemical characteristics of a spared subset of striatal neurons in Huntington’s disease. J Neuropathol 
Exp Neurol 46: 12-27. 

2.  Myers RH, Vonsattle JP, Stevens TJ, Cupples LA, Richardson EP, Martin JB, Bird ED (1988) Clinical and 
neuropathologic assesment of severity in Huntington’s disease. Neurology 38: 341-37.  

3.  Damiano M, Galvan L, Déglon N, Brouillet E (2010) Mitochondria in Huntington’s disease. Biochim Biophys 

Acta 1802: 52-61. 
4.  Paoletti P, Vila I, Rifé M, Lizcano JM, Alberch J, Ginés S (2008) Dopaminergic and glutamatergic signaling 

crosstalk in Huntington’s disease neurodegeneration: the role of p25/cyclin dependent kinase 5. J Neurosci 
28: 10090-101. 

5.  Meuer K, Suppanz IE, Lingor P, Planchamp V, Göricke B, Fichtner L, Braus GH, Dietz GP, Jakobs S, Bähr M, 
Weishaupt JH (2007) Cyclin-dependent kinase 5 is an upstream regulator of mitochondrial fission during 
neuronal apoptosis. Cell Death Differ 14: 651-61. 
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A2-07 Role of mitochondrial fusion and motility in 
distributing young mitochondrial protein and 

removing old protein from the mitochondrial 
network. 
Trudeau Kyle1, Benador I1, Ferree A1, Zik E1, Gottlieb R2, 

Shirihai O1 
1Dept Medicine, Obesity Nutrition Section, Evans Biomed Research Center, 

Boston Univ School Med, MA, USA; 2Donald P. Shiley Biosc Center, San 

Diego State Univ, CA, USA. - kmtru@bu.edu 
 

Mitochondrial fusion and fission have been shown to allow for the equilibration of protein 

across the mitochondrial population as well as coordinate autophagy-mediated removal 

of defective mitochondria [1]. We hypothesized that mitochondrial fusion is serving a role 

in shuttling newly synthesized proteins from a subset of mitochondria that import them 

to the rest of the mitochondrial population, thereby determining distribution of young and 

old protein within the network. 

We assessed mitochondrial protein age by targeting a time-sensitive fluorescent 

protein, MitoTimer, to the mitochondrial matrix. Emitted fluorescence of a newly 

translated timer is green and over time the emission shifts to red [2]. We fused the 

fluorescent timer to the mitochondrial targeting sequence of the Cox8a subunit, to form 

the MitoTimer construct. 

Mitochondrial protein age, a result of equilibrated young and old proteins, was 

dependent on turnover rates as pulsed synthesis or autophagic inhibition increased the 

proportion of old MitoTimer protein. Mitochondrial fusion promotes the distribution of 

young mitochondrial protein across the mitochondrial network as cells lacking essential 

fusion genes Mfn1 and Mfn2, or down-regulated Opa1, displayed increased heterogeneity 

in mitochondrial protein age and accumulation of mitochondria with old protein. 

Experiments in hippocampal neurons illustrate that intracellular spatial organization also 

impairs distribution of young mitochondrial material and this effect was reduced by over-

expression of mitochondrial transport protein, Miro1. 

Collectively our data show that equilibration of young and old protein in the 

mitochondrial network is dependent on mitochondrial turnover, fusion, and transport. 
 Supported by National Science Foundation Graduate Research Fellowship. 
1.  Twig G, Elorza A, Molina AJ, Mohamed H, Wikstrom JD, Walzer G, Stiles L, Haigh SE, Katz S, Las G, Alroy J, 

Wu M, Py BF, Yuan J, Deeney JT, Corkey BE, Shirihai OS (2008) Fission and selective fusion govern 
mitochondrial segregation and elimination by autophagy. EMBO J 27: 433-46. 

2.  Terskikh A, Fradkov A, Ermakova G, Zaraisky A, Tan P, Kajava AV, Zhao X, Lukyanov S, Matz M, Kim S, 
Weissman I, Siebert P (2000) ‘Fluorescent timer’: protein that changes color with time. Science 290: 1585-
8. 
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A3–01 Denervation modulates mitochondrial function 
when aging muscle atrophy becomes severe: 

implications for therapeutic intervention. 
Spendiff S, Gouspillou G, Vuda M, Aare S, Perez A, Hepple 

Russell T 

Dept Kinesiology, Dept Critical Care Medicine, McGill Univ Health Center - 

Meakins Christie Lab, Royal Victoria Hospital, Montreal, Canada. - 

russell.hepple@mcgill.ca 
 

Aging of skeletal muscle is associated with progressive atrophy, reaching clinically 

relevant thresholds in terms of weakness, mobility impairment and physical frailty in a 

significant fraction of individuals ≥80 y of age. Amongst the factors posited to be 

involved, mitochondrial alterations are implicated in the atrophy of aging muscle through 

recruitment of mitochondrial-mediated pathways of apoptosis and proteolysis. However, 

denervation is also known to recruit these same mitochondrial pathways. In view of the 

sporadic denervation that occurs in aging muscle, consideration of denervation’s role in 

recruitment of mitochondrial atrophy pathways is essential to identify relevant 

therapeutic targets. As such, this presentation will review our current evidence from 

human skeletal muscle biopsies across a range of ages and physical activity levels, 

examining the impact of aging on mitochondrial function and the role played by 

denervation across this continuum.  

As will be demonstrated, skeletal muscle mitochondrial alterations in septuagenarian 

subjects appears to be a primary event unrelated to denervation, where an increased 

susceptibility to mitochondrial permeability transition persists even in physically active 

subjects. In contrast, octogenarian subjects exhibit denervation-induced modulation of 

mitochondrial reactive oxygen species emission, suggesting failed reinnervation rather 

than mitochondrial dysfunction as a more appropriate therapeutic target when aging 

muscle atrophy becomes most clinically relevant. 

 

 

 

A3-02 Mitochondrial adaptations to high-intensity 

training in young and elderly men and women. 
Dohlmann Tine, Dela F, Helge JW, Larsen S 

Xlab, Center Healthy Aging, Dept Biomed Sc, Fac Health Sc, Univ 

Copenhagen, Denmark. – tine.dohlmann@sund.ku.dk 
 

This study investigated how skeletal muscle mitochondria adapt to high 

  intensity interval training (HIT) and whether adaptations differed according 

to age.  

Two groups of healthy sedentary adults completed 18 sessions of low volume HIT (5x1 

min @ ~132% of Wmax with 1.5 min rest periods). The groups were matched for BMI and 

baseline VO2max but differed in age (P<0.001). One group (N=9) aged 36±3 years (BMI 

34±2 kg·m-2
 and VO2max 2.7±0.2 l·min-1) was considered young (YOUNG), and the other 

group (N=4) aged 67±2 years (BMI 32±1 kg·m-2
 and VO2max 2.1±0.3 l·min-1) was 

considered old (OLD). Mitochondrial respiration was measured using high-resolution 

respirometry (OROBOROS Oxygraph-2k) in permeabilized muscle fibers from the vastus 

lateralis, and mitochondrial ADP sensitivity was determined using Michaelis-Menten 

kinetics. 

Following training, YOUNG increased VO2max by 7% (P=0.003), with no change in OLD. 

Mitochondrial capacity for oxidative phosphorylation (OXPHOS) was increased in both 

groups (48±2 to 84±4 pmol O2·s
-1·mg-1

 in YOUNG P<0.001 and 59±9 to 71±11 pmol 

O2·s-1·mg-1
 in OLD P<0.05), and maximal noncoupled respiration was increased in YOUNG 

AA33  Mitochondrial response to exercise and 
aging 
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(59±4 to 92±5 pmol O2·s-1·mg-1, P<0.05) but not in OLD (71±9 to 80±10 pmol 

O2·s−1·mg−1). Mitochondrial ADP sensitivity did not change following training in either 

group (Km
app

 [ADP] 0.19±0.10 to 0.16±0.04 in YOUNG, and 0.26±0.18 to 0.15±0.06 in 

OLD), but maximal ADP stimulated respiration (Jmax) increased in YOUNG (11±1 to 21±2 

pmol O2·s-1·mg-1, P<0.05) but not in OLD (13±2 to 17±2 pmol O2·s-1·mg-1).  

Our results indicate that the mitochondrial adaptation to HIT in elderly men and 

women move in the same direction as younger subjects, although only OXPHOS capacity 

increased significantly in OLD. Due to a low number of subjects in OLD, inclusion of 

additional subjects is necessary to elucidate exactly how elderly men and women adapt 

to HIT, compared with younger controls. 

 

 

A3-03 Exercise modality specific mitochondrial 

adaptations in skeletal muscle of elderly 
people. 
Wohlwend Martin, Andenæs K, Shahab, Moreira JB, Hassel E, 

Bye A, Rognmo Ø 

KG Jebsen Center Exercise Medicine, Dept Circulation Medical Imaging, 

Norwegian Univ Sc Tech, Trondheim, Norway. – martin.wohlwend@ntnu.no 
 

In aged subjects, mitochondrial function is impaired, characterized by diminished 

oxidative capacity, reduced oxidative phosphorylation [1] and mitochondrial uncoupling 

[2]. Exercise training has previously been indicated to increase mitochondrial content in 

untrained [3] and elderly subjects [4]. Despite the consensus in the literature: that high 

intensity training (HIT) is superior to moderate intensity training (MIT) with regards to 

health effects [5], it is unclear how these training modalities affect mitochondrial 

function, particularly in elderly people. 

To address this issue, subjects (N=20), aged between 70-75 y were randomized to 

eight weeks, three times a week, supervised, isocalorically matched sessions of either 

HIT, consisting of 4x4 intervals at 90% HRmax with 3 min active breaks in between, MIT, 

consisting of 50 min continuous running on 70% HRmax, or a control group that remained 

sedentary. Muscle biopsies were taken from the vastus lateralis before and after the 

intervention and high-resolution respirometry in saponin permeabilized muscle fibers was 

performed. Addition of various substrates and inhibitors allowed evaluation of TCA cycle 

and electron transfer system function. 

Results indicated that combined Complex I- and Complex II-linked oxidative 

phosphorylation capacity (CI&II) increased after both MIT and HIT (P<0.05). Complex I-

linked oxidative phosphorylation (CI) increased only after HIT (P<0.05) and this 

coincided with a relative increase of CI/CI&II (P<0.05), suggesting qualitative 

improvements within CI, independent of mitochondrial density. HIT also improved 

mitochondrial coupling efficiency during fatty acid oxidation (P<0.05). There were no 

changes in mitochondrial function in the control group. 

The findings of the current study show that both MIT and HIT improve CI&II-linked 

oxidative phosphorylation in elderly people. However, mitochondria seem to adapt 

differently to the respective training modalities. While MIT gains seemed to rely on 

mitochondrial density, HIT seemed to additionally improve mitochondrial quality. 
 

1.  Chistiakov DA, Sobenin IA, Revin VV, Orekhov AN Bobryshev YV (2014) Mitochondrial aging and age-related 
dysfunction of mitochondria. Biomed Res Int doi: 10.1155/238463.  

2.  Conley KE, Jubrias SA, Cress ME, Esselman P (2013) Exercise efficiency is reduced by mitochondrial 
uncoupling in the elderly. Exp Physiol 98: 768-77.  

3.  Jacobs RA, Flück D, Bonne TC, Bürgi S, Christensen PM, Toigo M, Lundby C (2013) Improvements in 
exercise performance with high-intensity interval training coincide with an increase in skeletal muscle 
mitochondrial content and function. J Appl Physiol 115: 785-93.  

4.  Broskey NT, Greggio C, Boss A, Boutant M, Dwyer A, Schlueter L, Hans D, Gremion G, Kreis R, Boesch C, 
Canto C, Amati F (2014) Skeletal muscle mitochondria in the elderly: effects of physical fitness and exercise 
training. J Clin Endocrinol Metab 99: 1852-61.  

5.  Wen CP, Wai JPM, Tsai MK, Yang YC, Cheng TYD, Lee M-C, Chan HT, Tsao CK, Tsai SP, Wu X (2011) 
Minimum amount of physical activity for reduced mortality and extended life expectancy: a prospective 
cohort study. Lancet 378: 1244-53. 
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A3-04 Lessons from the master athlete: mitochondrial 
contributions to aging. 
Spendiff Sally1, Purves-Smith FM1, Filion ME1, Giouspillou G2,3, 

Wright K2, Vuda M2, Morais J2, Hepple RT1,2, Taivassalo T1 
1Dept Kinesiology, McGill Univ; 2McGill Univ Health Centre; 3Dép 

Kinanthropologie, Univ Québec Montréal; Montréal Canada. - 

sally.spendiff@mail.mcgill.ca  
 

Age related loss of independence and mobility and an ill health are largely associated 

with sarcopenia, for which a prominent explanation is mitochondrial damage. Increases 

in mitochondrial DNA (mtDNA) mutations and mitochondrial dysfunction have been 

reported in aging skeletal muscle [1,2]. Master athletes (MAs) continue training and 

competing well into old age and represent an prominent model of healthy muscle aging 

[3]. The cellular mechanisms facilitating this achievement are currently unknown. Given 

their remarkable aging trajectory, it is reasonable to hypothesize that MAs have superior 

mitochondrial function and indices of mtDNA integrity.  

15 world class elite MAs and 14 age-sex matched none-athlete controls (NAC), all over 

the age of 75, underwent muscle MRI scans to assess muscle mass and a biopsy of the 

vastus lateralis. mtDNA integrity was assessed using the duel cytochrome c 

oxidase/succinate dehydrogenase stain to ascertain the number of fibres with a 

respiratory system defect (RSD) and QPCR to provide an indication of mtDNA deletions 

and copy number. Three aspects of mitochondrial function were assessed in 

permeabilized myofibres: ROS production, respiration and calcium retention capacity.  

MAs had significantly more muscle mass than their sedentary counterparts, fewer 

myofibres with a RSD and an increased mtDNA copy number. However, there were very 

few differences in any of the three aspects of mitochondrial function examined. 

Therefore, while MAs have less RSD than NACs at the individual fibre level, this is not 

sufficient to result in an improvement in mitochondrial function, when studied at the 

whole muscle level. Thus a superior mitochondrial profile probably does not explain MAs’ 

remarkable muscle aging trajectory. However, in the presence of age related 

comorbidities the increased RSD may result in an exacerbation of these conditions in 

NACs.  

This data raises questions regarding the impact of age related mitochondrial changes 

on the muscle, as MAs, with the same level of mitochondrial function as controls, still 

displayed remarkable strength. 
 

1.  Bua E, Johnson J, Herbst A, Delong B, McKenzie D, Salamat S, Aiken JM (2006) Mitochondrial DNA-deletion 
mutations accumulate intracellularly to detrimental levels in aged human skeletal muscle fibers. Am J Hum 
Genet 79: 469-80. 

2.  Gouspillou G, Sgarioto N, Kapchinsky S, Purves-Smith F, Norris B, Pion CH, Barbat-Artigas S, Lemieux F, 
Taivassalo T, Morais JA, Aubertin-Leheudre M, Hepple RT (2014) Increased sensitivity to mitochondrial 
permeability transition and myonuclear translocation of endonuclease G in atrophied muscle of physically 
active older humans. FASEB J 28: 1621-33. 

3.  McCrory JL, Salacinski AJ, Hunt SE, Greenspan SL (2009) Thigh muscle strength in senior athletes and 
healthy controls. J Strength Conditioning Res 23: 2430-6. 

 

 

 

A3-05 The effect of high intensity training on 
mitochondrial fat oxidation in skeletal muscle 

and subcutaneous adipose tissue. 
Larsen Steen, Danielsen JD, Søndergård SD, Søgaard D, 

Vigelsoe A, Dybboe R, Skaaby S, Dela F, Helge JW 

Xlab, Center Healthy Aging, Dept Biomed Sc, Fac Health Sc, Univ 

Copenhagen, Denmark. - stelar@sund.ku.dk 
 

High intensity interval training (HIT) is known to increase mitochondrial 

content in a similar way as endurance training (60-90% of maximal oxygen uptake 

(VO2peak). Whether HIT increases mitochondria’s ability to oxidize lipids is currently 

debated. We investigated the effect of HIT on mitochondrial fat oxidation in skeletal 

muscle and adipose tissue. 
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Mitochondrial oxidative phosphorylation (OXPHOS) capacity, mitochondrial substrate 

sensitivity (K’m) and mitochondrial content were measured in skeletal muscle and adipose 

tissue in healthy overweight subjects before and after six weeks of HIT (three times per 

week at 298±21 W). 

HIT significantly increased VO2peak from 2.9±0.2 to 3.1±0.2 l·min-1. No differences 

were seen in maximal fat oxidation in either skeletal muscle or adipose tissue. K’m for 

octanoyl carnitine or palmitoyl carnitine were similar after training in skeletal muscle and 

adipose tissue. Maximal OXPHOS capacity with Complex I&II-linked substrates was 

increased after training in skeletal muscle but not in adipose tissue.  

In conclusion, six weeks of HIT increased VO2peak. Mitochondrial content and 

mitochondrial OXPHOS capacity were increased in skeletal muscle but not in adipose 

tissue. Furthermore, mitochondrial fat oxidation was not improved in either skeletal 

muscle or adipose tissue. 
 

 

A3-06 Exercise improves insulin sensitivity and 
muscle mitochondrial respiration following 

Roux-en-Y gastric bypass surgery. 
Coen Paul1, DiStefano G2, Tanner C3, Helbling N2, Dubis G3, 

Toledo F2, Xie H1, Eid G4, Houmard J3, Goodpaster B1 
1Translat Research Inst Metabol Diabetes, Florida Hosp, Orlando FL; 2Div 

Endocrinology Metabolism, Dept Medicine, Univ Pittsburgh, PA; 3Dept 

Kinesiology, East Carolina Univ, Greenville, NC; 4Dept Surgery, Allegheny 

Health Network, Pittsburgh, PA; USA. - paul.coen@flhosp.org 
 

The impact of exercise on insulin sensitivity and mitochondrial respiration following Roux-

en-Y Gastric Bypass (RYGB) surgery is unknown. Our aim was to examine the effects of 

RYGB surgery-induced weight loss, both with and without aerobic exercise, on insulin 

sensitivity and mitochondrial respiration. 

One to three months following RYGB, participants (N=128) were randomized to six-

months of either moderate structured exercise (EX) or lifestyle education control (CON). 

Insulin sensitivity (SI) was determined by intravenous glucose tolerance test (IVGTT). 

Biopsies of the vastus lateralis were obtained, before and after the six-month 

interventions. Mitochondrial respiration was measured using two SUIT protocols in 

permeabilized muscle fiber bundles. Data were analyzed using a per-protocol (PP) 

approach to assess the efficacy of exercise performed (>120 min/week). 

One hundred participants completed the a priori defined intervention protocols: (EX, 

N=44; CON, N=56). Weight loss was similar for both groups (Post CON vs. Post EX; 

84.2±21.3 vs. 84.3±17.2 kg, P=0.23). Cardiorespiratory fitness was improved in EX but 

not in CON. EX provided an additive improvement in SI (Post CON vs. Post EX; 3.80±2.1 

vs. 4.86±2.6, P=0.002) and only EX improved Complex I (CI; Pre EX vs. Post EX; 

141±65 vs. 195±71 pmol∙s-1∙mg-1, P=0.018) and Complex I&II (CI&II; Post CON vs. Post 

EX; 264±82 vs. 323±102 pmol∙s-1∙mg-1, P=0.02) supported OXPHOS capacity (state P). 

Interestingly, there was a robust time effect for increased phosphorylation system control 

ratio (P/E) (P=0.006) and increase in the CI/CI&IIP substrate control ratio (P=0.007), 

suggesting surgery-induced weight loss specific effects on mitochondrial respiration. 

Aerobic exercise performed following RYGB surgery elicits further improvement in 

insulin sensitivity, which may be due to enhanced mitochondrial respiration. We also 

observed unique weight loss specific (time) effects on mitochondrial respiratory 

performance.  
 Trial Registration. clinicaltrials.gov identifier: NCT00692367. Funded by the National Institutes of 

Health/National Institute of Diabetes and Digestive and Kidney Diseases (R01 DK078192). 
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A4-01 Assessing ATP production and oxygen 
consumption simultaneously in permeabilized 

fibers: ATP/O. 
Lark DS1,2, Ryan T1,3, Anderson EJ1,4, Neufer P Darell1,2,3 

1East Carolina Diabetes Obesity Inst; 2Dept Kinesiolog; 3Dept Physiol; 
4Dept Pharmacolog Toxicolog; East Carolina Univ, Greenville, NC, USA. – 

neuferp@ecu.edu 
 

The biochemical efficiency of oxidative phosphorylation (OXPHOS), 

quantified as the amount of ATP produced per oxygen atom consumed (ATP/O or ~P/O), 

is vital to maintaining proper myocyte energetics.  However, despite its central 

importance, it is difficult to experimentally determine the ~P/O ratio as a function of 

metabolic demand, and therefore, the relationship between OXPHOS efficiency and 

metabolic demand is poorly understood. O2 consumption (high-resolution respirometry) 

and ATP production (determined fluorometrically using a 2-deoxyglucose – hexokinase – 

glucose-6-phosphate dehydrogenase – NADP+ respiratory clamp system [1]), rates were 

measured simultaneously in permeabilized mouse oxidative and glycolytic skeletal muscle 

fiber bundles using a customized OROBOROS Oxygraph-2k. 

With pyruvate and malate (5+2 mM) as substrate, at low [ADP] (5-20 µM), the ~P/O 

ratio increased as a function of [ADP], independent of an increase in O2 consumption.  

Maximal ~P/O peaked at ~2.0 and was not different between oxidative and glycolytic 

muscle. Pharmacological inhibition of adenylate kinase decreased ATP production rate but 

did not alter ADP-dependent increases in OXPHOS efficiency. 

These findings suggest that mitochondria respond to low levels of metabolic demand 

by initially increasing OXPHOS efficiency. 
Supported by National Institute of Health R01 DK096907 (USA). 

1.  Gouspillou G, Rouland R, Calmettes G, Deschodt-Arsac V, Franconi J-M, Bourdel-Marchasson I, Diolez P 
(2011) Accurate determination of the oxidative phosphorylation affinity for ADP in isolated mitochondria. 
PloS One 6:e20709. 

 
 
 

A4-02 Cell ergometry: OXPHOS and ETS coupling 
efficiency. 
Gnaiger Erich1,2

 
1D Swarovski Research Lab, Dept General and Transplant Surgery, Medical 

Univ Innsbruck; 2OROBOROS INSTRUMENTS; Innsbruck, Austria. - 

erich.gnaiger@oroboros.at 
 

Analogous to ergometric measurement of VO2max or VO2peak on a cycle or treadmill, cell 

ergometry is based on OXPHOS analysis to determine OXPHOS capacity, JO2P=P [pmol 

O2·s
-1·mg-1], at the cellular and mitochondrial level. VO2peak and JO2P provide reference 

values for a subject’s or a cell’s aerobic or mitochondrial competence. Aerobic catabolic 

flux (1 ml O2·min-1·kg-1 = 0.744 µmol·s-1·kg-1) is multiplied by the corresponding Gibbs 

force (ΔkGO2=∂G/∂kO2; typically -470 kJ/mol or -0.47 J/µmol O2) to obtain the mass-

specific aerobic input power [W·kg-1]. The corresponding mechanical output power, Ppeak 

[W·kg-1], in cycle ergometry results in ergodynamic efficiencies [1] of about 0.25, 
 

 εpeak  =  Ppeak/-(JO2peak·ΔkGO2)  =  (Ppeak/JO2peak) / -ΔkGO2 (1) 
 

In OXPHOS analysis the output power is mitochondrial ATP production, J~P=~P, times the 

Gibbs force of phosphorylation (ΔpG~P=∂G/∂p~P), which is typically 48 to 62 kJ/mol ~P 

[1]. Ergodynamic efficiency is a power ratio, partitioned into a flux ratio (the famous 

~P/O2 ratio; ATP yield per oxygen consumed, Y~P/O2 = J~P/JO2P = ~P/P) and force ratio, 
 

 εP  =  (J~P·ΔpG~P)/-(JO2P·ΔkGO2)  =  ~P/P ∙ ΔpG~P/-ΔkGO2  =  j≈P ∙ f≈P (2) 
 

AA44  Coupling efficiency and mitochondrial 
respiratory control 
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Figure 1. Capacities for ETS, 

OXPHOS and LEAK respiration (E, 

P, L). Free devided by total OXPHOS 

capacity, ≈P/P, is the OXPHOS 

coupling efficiency; free divided by 

total ETS capacity, ≈E/E, is the ETS 

coupling efficiency [2]. The ETS excess 

capacity, ExP, is available for coupled 

processes other than phosphorylation. 
 

The upper limit of ~P/P is the mechanistic ~P:O2 ratio or stoichiometric number, ν~P/O2. 

The free respiratory OXPHOS capacity, ≈P=P-L, is potentially available to drive 

phosphorylation, ~P (Figure 1). Quantitatively justified in cases [3] but better adjusted 

to the protonmotive force, Δpmt, the dissipative LEAK component, L, in the OXPHOS state 

P can be assessed by respiration, L, measured in the LEAK state, 
 

 ν~P/O2 = ~Plimit/P = ~P/(P-L) = ~P/≈P (3) 
 

~P/P divided by ~P/≈P defines the OXPHOS coupling efficiency, j≈P, as a normalized flux 

ratio, which is a hyperbolic function of RCR (Figure 2), 
 

 j≈P = ≈P/P = (L-P)/P = 1-L/P = 1-RCR-1 (4) 
 

Figure 2. Respiratory acceptor control ratio 

as a function of OXPHOS coupling 

efficiency, j≈P. RCR is the State 3/State 4 flux 

ratio [4], equal to P/L if State 3 is at saturating 

[ADP] and [Pi]. RCR from 1.0 to infinity is 

highly non-linear in the typical experimental 

range of RCR 3 to 10: when j≈P increases from 

0.8 to 0.9, RCR doubles from 5 to 10. RCR 

increases to infinity at the limit of j≈P=1.0. 

Statistical analyses of RCR±SD require 

linearization by transformation to j≈P.  
 

 OXPHOS coupling efficiency in Equation (4) is 

determined by respirometric OXPHOS analysis. 

At the limit of maximum j≈P=1.0 the dissipative 

LEAK processes, L, are zero. Ergodynamic 

efficiency, ε, not only depends on mechanistic 

coupling but also on the force ratio or force efficiency. At ergodynamic equilibrium, 

ε=1.0, fluxes vanish to zero when j≈P = f≈P = 1 (Equation 2). 

 The OXPHOS state can be established experimentally in cells or tissues by selective 

permeabilization of plasma membranes, with ADP and Pi at kinetic saturation and fuel 

substrate combinations which reconstitute physiological TCA cycle function (Figure 1). 

The free OXPHOS capacity may be kinetically limited by the phosphorylation system to 

utilize Δpmt. Then ETS capacity is in excess of OXPHOS capacity by the factor jExP=(E-

P)/E. Such kinetic limitation diminishes the effective j≈P independent of coupling control. 

Therefore, the ETS coupling efficiency is defined as j≈E=(E-L)/E (compare Eq. 4) and 

related to j≈P by taking into account the apparent ETS excess capacity (Figure 1), 
 

 j≈E = j≈P∙(1-jExP) + jExP (5) 
 

Flux control factors and coupling efficiencies were derived from principles of 

thermodynamics rather than arbitrarily introduced as jargon of a specialized discipline. 
 Supported by K-Regio project MitoCom Tyrol. 

1. Gnaiger E (1993) Efficiency and power strategies under hypoxia. Is low efficiency at high glycolytic ATP 
production a paradox? In: Surviving hypoxia: mechanisms of control and adaptation. Hochachka PW, Lutz 
PL, Sick T, Rosenthal M, Van den Thillart G (eds) CRC Press: 77-109. 

2.  Gnaiger E (2014) Mitochondrial pathways and respiratory control. An introduction to OXPHOS analysis. 4th 
ed. Mitochondr Physiol Network 19.12. OROBOROS MiPNet Publications, Innsbruck.  

3. Gnaiger E (2001) Bioenergetics at low oxygen: dependence of respiration and phosphorylation on oxygen 
and adenosine diphosphate supply. Respir Physiol 128: 277-97. 

4. Chance B, Williams GR (1955) Respiratory enzymes in oxidative phosphorylation: III. The steady state. J 
Biol Chem 217: 409-27. 
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A4–03 Analysis of mitochondrial function in multiple 
brain regions through in situ permeabilization. 
Herbst Eric, Holloway G 

Dept Human Health Nutritional Sc, Univ Guelph, Ontario, Canada. - 

eherbst@uoguelph.ca 
 

  Mitochondria interact with their environment in a tissue-specific manner, 

and in the brain, the regulation of mitochondrial function is regionally unique. Analysis of 

mitochondrial respiration within the brain is traditionally assessed through utilization of 

isolated mitochondria, an approach with high tissue requirements that limit the 

applicability of the method in investigating function in smaller brain regions. This tissue 

limitation impedes the study of neurodegenerative diseases, which are often attributed 

to mitochondrial dysregulation within smaller specific brain regions. In addition, isolating 

mitochondria interrupts the native reticular structure of the mitochondria and also yields 

a final suspension composed of mitochondria from multiple sub-populations from various 

cell types, making physiological interpretations challenging. Therefore, the current 

methodology does not appear adequate for investigating the source of changes in brain 

mitochondrial function. 

As a result, we established a method for determining mitochondrial function in situ 

through permeabilization of small brain samples of approximately 2 mg. The method was 

validated through electron transfer system complex-specific stimulation and inhibition, 

and imaging confirmed conservation of mitochondrial morphology. We applied the 

permeabilized brain tissue preparation to investigating regional variation in mitochondrial 

function in the mouse brain with both acute and chronic perturbations and compared our 

results with the traditional isolated mitochondria preparation. 

The permeabilization of brain tissue in situ circumvents the large tissue requirements 

of isolated mitochondria while leaving the native mitochondrial intact, allowing for 

analysis of mitochondrial respiration in multiple regions in a single mouse brain. 

 

 

 

A4-04 Region-specific differences in Complex I- and 

Complex II-linked respiration in the mouse 
brain. 
Burtscher Johannes1, Heidler J2, Gnaiger E2,3, Schwarzer C1 

1Dept Pharmacol*; 2Dept General and Transplant Surgery*; *Medical Univ 

Innsbruck; 3OROBOROS Instruments; Innsbruck, Austria. -

johannes.burtscher@i-med.ac.at 
 

Mitochondrial dysfunction appears to be a common factor in neurodegenerative diseases. 

However, such diseases differ markedly in the nervous tissue affected. To test potential 

differences in mitochondrial respiratory capacity of different brain tissues under 

physiological or pathological conditions, we established a SUIT protocol for the analysis 

of oxidative phosphorylation (OXPHOS) and electron transfer system capacity (ETS) of 

small amounts of defined brain-tissues of mice. This protocol enables us to measure, 

independently, Complex I-, II- and IV-linked (CI, CII, and CIV, respectively) respiration, 

as well as the combined CI&II-linked OXPHOS- and electron transfer system (ETS) 

capacity in a single run from as little as 2 mg tissue applying the OROBOROS high-

resolution respirometry system [1]. 

 The reproducibility within one experiment (two replica from the same tissue sample) 

and between experiments was very high. We observed significantly higher CI-linked 

oxygen fluxes in the motorcortex and CII-linked respiration in the striatum, when 

comparing motorcortex, striatum, hippocampus and brainstem obtained from young, 

healthy, adult, male C57BL6/J mice. No differences were found for CI&II-linked ETS 

capacity and CIV activity expressed as oxygen consumption per tissue mass or as 

CIV/CI&IIE flux control ratio. The P/E coupling control ratio (CI&II), an index of the 

limitation of OXPHOS capacity by the phorphorylation system, was significantly different 

between motorcortex and hippocampus. 

mailto:eherbst@uoguelph.ca
mailto:johannes.burtscher@i-med.ac.at
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The established protocol allows detailed analysis of mitochondrial function from small 

amounts of specific tissues. It thus enables comparison of different brain tissues 

implicated in neurodegenerative diseases of the healthy mouse and disease models while 

leaving sufficient amounts of sample for additional analysis of the tissues. 
Supported by FWF W1206-B05 (CS) and K-Regio project MitoCom Tyrol (EG). 

1.  Pesta D, Gnaiger E (2012) High-resolution respirometry. OXPHOS protocols for human cells and 
permeabilized fibres from small biopisies of human muscle. Methods Mol Biol 810: 25-58. 

 

 

A4-05 OXPHOS analysis in small prostate biopsies. 
Schöpf Bernd1,2,3,4, Schäfer G2,4, Gnaiger E1,2,5, Klocker H2,4 

1OROBOROS INSTRUMENTS; 2Oncotyrol – Center Personalized Cancer 

Medicine; 3Div Genetic Epidemiology*; 4Dept Urology*; 5Dept Visceral, 

Transplant Thoracic Surgery, D Swarovski Research Lab*, *Medical Univ 

Innsbruck; Innsbruck, Austria. - bernd.schoepf@student.i-med.ac.at 
 

In 2012, adenocarcinoma of the prostate was the most prevalent male 

  cancer type in Western civilized countries, accounting for 9.5% of all 

cancer related deaths in Europe [1,2]. 

Numerous studies have addressed the metabolic characteristics and molecular 

pathways of the disease, primarily applying prostate cancer related cell lines as models. 

In contrast, very little is known about the metabolic properties of fresh prostate cancer 

tissue in terms of mitochondrial oxidative phosphorylation (OXPHOS) and ATP production. 

This lack of data is mainly due to the limited access to fresh prostate tissue biopsies and 

their small sample size. Therefore, in order to overcome this limitation, we developed a 

method which, for the first time, enables OXPHOS analysis of very small benign and 

malignant prostate tissue biopsies (2-5 mg wet weight per individual measurement). 

  

Figure 1. SUIT protocol with permeabilized prostate tissue biopsies (4 mg W
w
 per 

chamber, MiR05Cr, 37 °C). Initial oxygenation to reach O
2
 concentration of 300 µM to 

avoid oxygen dependent effects during the experiment; LEAK respiration with glutamate 

and malate (GM), CIL; addition of 2.5 mM ADP (D2.5) for measurement of CI-linked 

OXPHOS capacity, CIP; H
2
O

2
 incubation (500 µM, 15 min) to induce oxidative stress; 

termination of oxidative stress by addition of catalase (Ctl) and opening of chamber to 

restore O
2
 concentration of 300 µM; after flux stabilization addition of pyruvate (P); 

titration of succinate (S) to quantify CI&II-linked OXPHOS capacity, CI&IIP; stepwise 

uncoupling with FCCP (F1-F4) to obtain CI&II-linked ETS capacity, CI&IIE; inhibition of CI 

with Rotenone (Rot) allows evaluation of CII-linked ETS capacity (CIIE) and addition of 

malonate followed by antimycin A enables assessment of residual oxygen consumption 

(ROX) remaining after inhibition of CII and CIII; addition of Ascorbate and TMPD (AsTm) 

for the measurement of CIV activity and chemical background (CIV + BG); after CIV 

inhibition by azide (Azd) a correction for the chemical side reactions of As and Tm can be 

performed. 
 

Samples were harvested immediately after radical prostatectomy and examined using 

high-resolution-respirometry (OROBOROS Oxygraph-2k) and a sophisticated substrate-

uncoupler-inhibitor titration (SUIT) protocol. For this purpose, prostate tissue was 

mailto:bernd.schoepf@student.i-med.ac.at
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mechanically permeabilized which, as previously reported, represents a very good 

mitochondrial preparation alternative to isolated mitochondria, both reducing the amount 

of required sample material and largely preserving structural integrity of the cell [3]. An 

artificial incubation with H2O2 was used to assess the mitochondrial response to cellular 

stress exerted by enhanced ROS production [4]. In addition, an easy and fast assay for 

determination of CIV activity was applied adding ascorbate and the CIV substrate 

N,N,N',N'-Tetramethyl-p-phenylenediamine dihydrochloride (TMPD) followed by inhibition 

with sodium azide to correct for chemical background reactions. The SUIT protocol, 

including different substance combinations, allows measurement of flux control variables 

in different substrate and coupling states (Figure 1).  

 

Figure 2. Comparison of 

benign (BE) vs malignant 

(CA) tissue in different 

substrate and coupling 

states (N=42). CIP: CI-

linked OXPHOS capacity 

with malate and 

glutamate before H2O2 

incubation. CI&IIP: CI&II-

linked OXPHOS capacity 

with malate, glutamate, 

pyruvate and succinate 

after H2O2 incubation. 

Data are means ± SD; 

P<0.001 (Bonferroni–

Holm sequential corrected 

P-values). 
 
 

 

Any sample biopsy 

(app. 6–10 mg of wet 

weight) was divided into 

two subsamples and 

mechanically permeabilized using two pairs of extra-sharp forceps [5]. Each subsample 

was placed into one of the four chambers of two OROBOROS Oxygraph-2k operated in 

parallel. Measurements were performed in MiR05 with creatine (MiR05Cr) at 37 °C. 

Parallel analyses of a paired sample consisting of one benign and one malign biopsy from 

a single patient could be conducted within little more than two hours, yielding high 

quality respirometry data while preserving tissue structure for subsequent tissue analysis 

and DNA extraction. 

The first data evaluations revealed an overall decreased CI-linked OXPHOS capacity 

before H2O2 treatment, a higher vulnerability toward cellular stress mediated by H2O2 but 

a similar CI&II-linked OXPHOS capacity after H2O2 treatment in cancer compared to 

benign tissue (Figure 2). 
 Supported by Oncotyrol2-4 and K-Regio project MitoCom Tyrol1,5. 
1.  Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al (2013) Cancer 

incidence and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J Cancer 49:1374-403. 
2.  Siegel R, Naishadham D, Jemal A (2012) Cancer statistics (2012) CA Cancer J Clin 62: 10-29. 
3. Pesta D, Gnaiger E (2012) High-resolution respirometry: OXPHOS protocols for human cells and 

permeabilized fibers from small biopsies of human muscle. Methods Mol Biol 810: 25-58. 
4. Stadlmann S, Rieger G, Amberger A, Kuznetsov AV, Margreiter R, Gnaiger E (2002) H2O2-mediated oxidative 

stress versus cold ischemia-reperfusion: mitochondrial respiratory defects in cultured human endothelial 
cells. Transplantation 74: 1800-3. 

5. Kuznetsov AV, Strobl D, Ruttmann E, Konigsrainer A, Margreiter R, Gnaiger E (2002) Evaluation of 
mitochondrial respiratory function in small biopsies of liver. Anal Biochem 305: 186-94. 
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A4-06 Mitochondrial function in white adipose tissue: 
palmitoleic acid (C16:1n7) treatment enhances 

white adipocyte oxygen consumption. 
Cruz MM1, Bolsoni-Lopes A2, Curi R2, Pithon-Curi TC2, Alonso-

Vale MI1, Bresciani Martins de Andrade Paula3 

1Dept Biol Sc, Inst Environm Sc, Chem Pharmac, Federal Univ São Paulo, 

Diadema; 2Dept Physiol Biophysics, Inst Biomed Sc, Univ Sao Paulo; 3Inst 

Physical Activ Sc and Sport, Cruzeiro do Sul Univ Sao Paulo; Brazil. - 

paulabre@yahoo.com 
 

White adipose tissue (WAT) has a crucial role in the development of obesity and related 

diseases, and the relevance of WAT mitochondrial function has been highlighted in the 

literature during the last decade [1,2,4]. Mitochondrial parameters, such as reactive 

oxygen species, biogenesis, fatty acid oxidation, respiration and uncoupling have been 

implicated in white adipocyte proliferation, adipogenesis, transdifferentiation, lipolysis 

and lipogenesis [1,2,4]. Therefore, WAT mitochondria function regulation is a promising 

target for the development of therapies tackling insulin resistance, obesity and related 

diseases. 

Palmitoleic acid is a monounsaturated n-7 fatty acid (16:1n7), produced and released 

by adipocytes, that has been shown to enhance whole body glucose disposal, to 

attenuate high-fat-fed mice hepatic steatosis, to protect pancreatic beta-cells from 

palmitic acid-induced death and to improve circulating lipid profile in both rodents and 

humans [3]. Our group has recently found strong evidence that palmitoleic acid is an 

important positive modulator of white adipocyte lipolysis and the content of the major 

lipases ATGL and HSL through a PPAR alpha-dependent mechanism in vitro and in vivo. 

Acute and chronic palmitoleic treatment led to enhanced lipolysis and inhibited 

lipogenesis [3]. 

To study the correlation of the previously described effects of palmitoleic acid in WAT 

with mitochondrial function, we performed oxygen consumption experiments using the 

OROBOROS Oxygraph-2k. Our results show that both acute and chronic treatments with 

palmitoleic acid enhanced ROUTINE oxygen consumption in 3T3-L1 adipocytes by 7.6% 

and 12.8%, respectively. Experiments were carried out to test whether lipolysis and 

respiration enhancement by palmitoleic acid are linked to improved mitochondrial fatty 

acid oxidation and/or uncoupling. 
 Supported by FAPESP, CAPES. Acknowledgement: Prof. Alicia Kowaltowski and group (Univ Sao Paulo, 
Brazil). 
1.  De Pauw A, Tejerina S, Raes M, Keijer J, Arnould T (2009) Mitochondrial (dys)function in adipocyte 

(de)differentiation and systemic metabolic alterations. Am J Pathol 175: 927-39. 
2.  Forner F, Kumar C, Luber CA, Fromme T, Klingenspor M, Mann M (2009) Proteome differences between 

brown and white fat mitochondria reveal specialized metabolic functions. Cell Metab 4: 324-35. 
3.  Bolsoni-Lopes A, Festuccia WT, Farias TS, Chimin P, Torres-Leal FL, Derogis PB, de Andrade PB, Miyamoto 

S, Lima FB, Curi R, Alonso-Vale MI (2013) Palmitoleic acid (n-7) increases white adipocyte lipolysis and 
lipase content in a PPARalpha-dependent manner. Am J Physiol Endocrinol Metab 305: E1093-102. 

4.  Shen W, Liu K, Tian C, Yang L, Li X, Ren J, Packer L, Cotman CW, Liu J (2008) R-α- Lipoic acid and acetyl-L-
carnitine complementarily promote mitochondrial biogenesis in murine 3T3-L1 adipocytes. Diabetologia 51: 

165–74.  

 

 

A4–07 Severity of polymicrobial sepsis modulates 

mitochondrial function in rat liver. 
Herminghaus Anna, Barthel F, Heinen A, Beck C, Vollmer C, 

Bauer I, Picker O 

Dept Anesthesiology, Univ Hospital Duesseldorf, Germany. - 

anna.herminghaus@med.uni-duesseldorf.de 
 

Microcirculatory and mitochondrial dysfunction are considered as the main 

pathophysiological mechanisms in septic shock and multiorgan failure [1]. However, 

results concerning mitochondrial function in the liver are controversial [2-4]. One 

possible reason for this heterogeneity could be a wide spectrum of septic models used, 

with varying degrees of sepsis severity. The aim of the present study was to analyze 

mailto:paulabre@yahoo.com
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hepatic mitochondrial function during polymicrobial sepsis with abdominal focus, 

depending on severity of the septic process.  

31 Wistar rats were divided into four groups: control, sham (laparotomy only) and two 

septic groups (colon ascendens stent peritonitis, CASP, using 16G or 14G stent). 24 h 

after sham or CASP operation, liver mitochondria were isolated. Mitochondrial oxygen 

consumption was determined using a Clark type electrode in the presence of glutamate 

and malate (GM) or succinate (S), to examine Complex I- or Complex II- (CI- or CII-) 

linked respiration, respectively. LEAK (LN, presence of substrates, no adenylates) and 

OXPHOS (ADP stimulated) respiration were assessed. The respiratory acceptor control 

ratio (RCR, OXPHOS/LEAK) and ADP/O ratio (ADP added/oxygen consumed) for both 

substrate states were calculated. Data are presented as means±SD, 1-way ANOVA 

followed by Tukey's post hoc-test. 

RCR (CII) was higher after laparotomy compared to control. In septic animals with the 

smaller stent (16G) RCR (CI and CII) was higher compared to controls. In contrast, in 

septic animals with a larger stent size (14G) RCR was similar to controls. ADP/O ratios 

were comparable in all groups: 
 

Mean±SD RCR (GM) RCR (S) ADP/O (GM) ADP/O (S) 

Control 8.7±3.0 6.2±2.0 3.3±1.1 2.7±1.3 

SHAM 12.5±2.7 8.4±1.0* 3.4±1.0 2.6±0.4 

16G 15.2±2.9* 9.6±1.0* 3.5±0.7 2.8±0.6 

14G 11.2±2.9# 7.8±0.9 3.3±0.5 2.4±0.3 

*P<0.05 vs control, #P<0.05 vs 16G. 
 

Operative stress induced by laparotomy and, to a greater extent, moderate sepsis 

(CASP 16G) lead to a higher energy coupling without affecting the efficacy of oxidative 

phosphorylation. More severe sepsis (CASP 14G) does not affect hepatic mitochondrial 

function. Thus, the severity of sepsis might explain the heterogeneity of mitochondrial 

function reported in the literature. 
 Performed with approval of the local animal care and use committee. 
1.  Balestra G, Legrand M, Ince C (2009) Microcirculation and mitochondria in sepsis: getting out of breath. 

Curr Opin Anaesthesiol 22: 184-90. 
2.  Lowes DA, Webster NR, Murphy MP, Galley HF (2013) Antioxidants that protect mitochondria reduce 

interleukin-6 and oxidative stress improve mitochondrial function, and reduce biochemical markers of organ 
dysfunction in a rat model of acute sepsis. Br J Anaesth 110: 472-80. 

3.  Mittal A, Hickey AJ, Chai CC, Loveday BP, Thompson N, Dare A, Delahunt B, Cooper GJ, Winsdor JA, Phillips 

AR (2011) Early organ-specific mitochondrial dysfunction of jejunum and lung found in rats with 
experimental acute pancreatitis. HPB 13: 332-41.  

4.  Kozlov A, Staniek K, Haindl S, Piskernik C, Ohlinger W, Gille L, Nohl H, Bahrami S, Redl H (2006) Different 
effects of endotoxic shock on the respiratory function of liver and heart mitochondria in rats. Am J 
Gastrointest Physiol 290: 543-9. 
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B1-01 Evaluation of critical experimental parameters 
for assessing mitochondrial bioenergetics in 

permeabilized myofibres. 
Perry Christopher GR1, Kane DA2, Tahmasebi H1, Hughes MC1, 

Neufer DP3 

1School Kinesiology Health Sc, Muscle Health Res Centre, York Univ, 

Toronto, ON; 2Dept Human Kinetics, St. Francis Xavier Univ, Antigonish, 

NS; Canada; 3Dept Physiol, East Carolina Diabetes Obesity Inst, Greenville, 

NC, USA. – cperry@yorku.ca 
 

Respirometric and fluorometric approaches for assessing the regulation of submaximal 

and maximal (‘capacity’) oxidative phosphorylation and mitochondrial oxidant emission 

respectively, in permeabilized myofibres, have been documented extensively [1-3 and 

other]. Optimizing such bioenergetic measurements requires control of critical 

experimental parameters including partial pressure of oxygen (pO2), temperature and 

assay media composition (ionic balance, oxidant scavenging capacity, etc.) [1-4]. 

Recently, myofibre contraction, analogous to ADP-induced rigor, has also been reported 

to alter respiratory sensitivity to ADP (K’m) and maximal respiration in a temperature-

sensitive manner which can be prevented with myosin-ATPase inhibitors [3,4]. 

The purpose of this presentation is to stimulate debate regarding the need for 

standardizing specific parameters throughout the field vs the value of customizing certain 

parameters to each hypothesis. An emphasis will be placed on the manner by which each 

factor affects mitochondrial bioenergetics in permeabilized myofibres. 
 Supported by National Institute of Health (USA) and National Science and Engineering Research Council 

(Canada). 
1.  Gnaiger E (2009) Capacity of oxidative phosphorylation in human skeletal muscle: new perspectives of 

mitochondrial physiology. Int J Biochem Cell Biol 41: 1837–45. 
2.  Pesta D, Gnaiger E (2012) High-resolution respirometry. OXPHOS protocols for human cells and 

permeabilized fibres from small biopisies of human muscle. Methods Mol Biol 810: 25-58. 
3.  Perry CGR, Kane DA, Lanza I, Neufer PD (2013) Methods for assessing mitochondrial function in diabetes.  

Diabetes 62: 1041-52. 
4.  Perry CGR, Kane DA, Lin CT, Kozy R, Cathey B, Lark DS, Kane CL, Brophy PM, Gavin TP, Anderson EJ, 

Neufer PD (2011) Inhibiting myosin-ATPase reveals a dynamic range of mitochondrial respiratory control in 
skeletal muscle. Biochem J 437: 215-22. 

 
 

B1-02 NAMPT remodels substrate metabolism in 

skeletal muscle. 
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Smith SR1,2 
1Translational Research Inst Metabolism Diabetes, Florida Hospital; 
2Sanford Burnham Medical Research Inst; Orlando, FL, USA. - 

lauren.sparks@flhosp.org 
 

In mammals, nicotinamide phosphoribosyltransferase (NAMPT) is responsible for the first 

and rate-limiting step in the “salvage pathway” that converts nicotinamide to 

nicotinamide adenine dinucleotide (NAD+). We previously showed that exercise increased 

skeletal muscle NAMPT expression which correlates with mitochondrial content in humans 

[1]. Caloric restriction-induced beneficial effects in oxidative stress, mitochondrial 

biogenesis and metabolic adaptation in mice require NAMPT [2]. The mechanisms 

responsible for metabolic adaption are unclear. We hypothesized that muscle-specific 

overexpression of NAMPT in mice (NamptTg) would improve muscle respiratory capacity 

and control and would be additive with endurance exercise training in these mice. 

 NamptTg mice express 10-fold more skeletal muscle NAMPT protein compared to wild 

type (WT) mice based on western blotting studies. A concomitant elevation of NMN (5-

BB11  
 

Experimental regimes in functional 
studies of mitochondrial preparations 
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fold) and NAD+ (3-fold) in NamptTg skeletal muscle revealed increased NAMPT enzymatic 

activity. WT and NamptTg mice were housed with ('trained') or without ('sedentary') 

running wheels to elicit voluntary exercise for a period of 7 weeks (WT Sedentary; WT 

Trained; NamptTg Sedentary; NamptTg Trained). No differences were observed in the 

proclivity of NamptTg mice to engage in voluntary exercise. Mice were fasted for 5 hours 

prior to sacrifice. Quadriceps muscles were used for the respiration measurements. 

Quadriceps muscles were used for the respiration measurements. SUIT protocols were 

performed in permeabilized fiber bundles using Complex I and II-linked substrates 

(malate, glutamate, succinate) in combination with a fatty acid oxidation (FAO, 

palmitoyl-carnitine) substrate (CI&II&FAO; Figure 1).  

NAMPT TG mice had an increased fatty acid oxidative (CI&II&FAO) respiration after 

training (P<0.05; Figure 1A). Notably, this training-induced improvement in CI&II&FAO in 

the NAMPT TG mice trended to be higher than the trivial increase in CI&II&FAO flux with 

training in WT mice (P=0.0595; Figure 1A). Increased NAMPT levels were sufficient to 

dramatically improve mitochondrial coupling efficiency, as reflected by the significant 

reduction in the ratio of proton leak (L) to OXPHOS capacity (P) in the NAMPT TG mice 

compared with WT mice at baseline (P<0.05; Figure 1B). While training improved 

coupling efficiency in the WT mice (P<0.05, Figure 1B), it tended to further improve 

coupling efficiency in the NAMPT TG mice as well (P=0.107; Figure 1B).   

 Taken together, decreased leak/OXPHOS capacity (i.e. improved coupling efficiency) 

and an increased capacity to burn CI&II&FAO-linked substrates indicate a synergistic 

improvement in muscle mitochondrial function via NAMPT and endurance exercise 

whereby an increased amount of NAMPT is sufficient to enhance the exercise-induced 

improvements in substrate metabolism. 

Figure 1. Overexpression of NAMPT improves mitochondrial function after 

training in skeletal muscle. Respiration was measured in permeabilized muscle fiber 

bundles using a SUIT protocol with combined CI&II&FAO-linked substrates, adding a fatty 

acid substrate (palmitoyl-carnitine) and CI&II-linked substrates simultaneously.  A: 

OXPHOS (P) capacities in the presence of adenylates (ADP) are presented as respiration 

per mtDNA copy number.  B: LEAK (L) respiration was measured in the absence of 

adenylates (ADP) and coupling control ratios are presented as LEAK divided by OXPHOS 

capacity. Bars represent mean±SEM for wild type (WT) sedentary and trained mice and 

for NAMPT Transgenic (TG) sedentary and trained mice. Letters different from each other 

indicate statistically significant differences (P<0.05; Tukey’s HSD). N=6 (WT sedentary); 

N=7 (WT Trained); N=6 (TG sedentary); N=5 (TG trained). 
 

1.  Costford SR, Bajpeyi S, Pasarica M, Albarado DC, Thomas SC, Xie H, Church TS, Jubrias SA, Conley KE, 
Smith SR (2010) Skeletal muscle NAMPT is induced by exercise in humans. Am J Physiol Endocrinol Metab 
298: 117-26. 

2.  Song J, Ke SF, Zhou CC, Zhang SL, Guan YF, Xu TY, Sheng CQ, Wang P, Miao CY (2014) Nicotinamide 
phosphoribosyltransferase is required for the calorie restriction-mediated improvements in oxidative stress, 
mitochondrial biogenesis, and metabolic adaptation. J Gerontol A Biol Sci Med Sci 69: 44-57. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Bajpeyi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Pasarica%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Albarado%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Thomas%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Xie%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Church%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Jubrias%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Conley%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=19887595
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=19887595


  35 

 

Mitochondrial Physiology – MiP2014 www.mitophysiology.org 

B1-03 The mitochondrial enzyme 4-hydroxy-2-
oxoglutarate aldolase (HOGA) – involvement in 

the TCA cycle. 
MacDonald Julia, Huang A, Hickey AJ, Loomes K 

Maurice Wilkins Centre Mol Biodiscovery and School Biol Sc, Univ Auckland, 

New Zealand. – j.macdonald@auckland.ac.nz 
 

4-hydroxy-2-oxoglutarate aldolase (HOGA) is a bi-functional mitochondrial enzyme, 

expressed predominantly in liver and kidney. HOGA is involved in the hydroxyproline 
degradation pathway (HOGglyoxylate+pyruvate), and mutations in HOGA result in 

primary Hyperoxaluria Type III, characterized by excessive oxalate production and 

kidney stone deposition [1]. We hypothesized that HOGA may also be involved in the 
TCA cycle as an oxaloacetate decarboxylase (oxaloacetatepyruvate; Figure 1), which 

may allow the TCA cycle to turnover in the absence of pyruvate and/or excess 

oxaloacetate.  
The kinetics of HOGA with substrates HOG and oxaloacetate were investigated by 

measuring the K’m and kcat of recombinant human HOGA, using an LDH-coupled 

microplate assay. The role of HOGA in the TCA cycle was investigated using 

mitochondria, isolated from rat liver and kidney, where HOGA is highly expressed, and 

brain and heart, where expression is lower. ADP-stimulated malate respiration was 

expressed relative to ADP-stimulated respiration with malate and pyruvate (M:PM), using 

oxygraphy (OROBOROS Oxygraph-2k). Note malate was used as oxaloacetate cannot 

cross the inner mitochondrial membrane.  

Figure 1. Potential role of HOGA in the TCA 

cycle as an oxaloacetate decarboxylase 

(arrow in bold). This activity may allow 

turnover of the TCA cycle in the absence of 

incoming pyruvate and/or excess 

oxaloacetate. Malic enzyme can also form 

pyruvate from within the TCA cycle. 

MDH=malate dehydrogenase.  

 

 

While HOGA was 75% less efficient at 

cleaving oxaloacetate than its other 

substrate, HOG (K’m/kcat), the K’m for 

oxaloacetate was within range of that 

estimated for TCA intermediates 

(K’m,ox=129±8 µM, kcat,ox=0.52±0.01 s-1; 

K’m,HOG=55±5 µM, kcat,HOG=1.01±0.03 s-1). 

Overall, HOGA appears to use the same 

catalytic mechanism to cleave both HOG and oxaloacetate substrates. Interestingly, the 

TCA cycle intermediate -ketoglutarate was found to be a competitive inhibitor of HOGA 

oxaloacetate decarboxylase activity (Ki=2.8 mM). Mitochondria from rat liver had the 

highest M:PM respiration relative to all other organs (0.46±0.05, P<0.05). Though 

kidney had a higher M:PM respiration than heart (0.27±0.02 vs 0.15±0.02, P<0.05 in 

kidney and heart, respectively), brain respired as well as kidney (0.33±0.04). 
In summary, HOGA cleaves oxaloacetate and HOG using the same catalytic 

mechanism but was less efficient with oxaloacetate. Liver and kidney have high HOGA 

expression, and mitochondria from both respire significantly better on malate relative to 

PM than heart mitochondria. The brain respires just as well with malate compared to 

kidney, and this may be due to high expression of malic enzyme, which can convert 

malate directly to pyruvate (Figure 1). Malate supported respiration in HOGA 

overexpressing cells will confirm the direct role of HOGA in the TCA cycle.  

 

1.  Belostototsky R (2010) Mutations in DHDPSL are responsible for primary hyperoxaluria type III. Am J Hum 
Gen 87: 392-9.  
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B1-04 Methylenblue, an enhancer of mitochondrial 

substrate-level phosphorylation. 
Komlódi Tímea1, Horváth G, Ádám V, Tretter L 
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Neurodegenerative disorders are associated with mitochondrial disfunction. 

In Alzheimer’s and Parkinson’s disease defects of respiratory system components have 

been described. Methylenblue (MB), a potential neuroprotective agent, is efficient in 

various Alzheimer and Parkinson models. The mitochondrial effects of MB are explained 

by the so-called alternative electron transfer model. 

In the present study the effect of MB on mitochondrial substrate-level phosphorylation 

(SLP) was investigated. SLP in mitochondria is attributed to succinyl-CoA ligase 

catalyzing the formation of ATP and succinate from succinyl-CoA, ADP and Pi, in the citric 

acid cycle. This reaction can be considered an alternative way of ATP synthesis, because 

it is partially independent from the electron transfer system (ETS) and from the 

mitochondrial protonmotive force. Therefore, it has a great significance in hypoxia or 

when the ETS is impaired. Besides that, SLP plays an important role during 

thermogenesis, when the mitochondria are uncoupled by the activation of thermogenin. 

MB can transfer electrons from Complex I to cytochrome c, bypassing the intermediate 

components of the ETS. In case of Complex I inhibition it avoids NADH accumulation and 

thus inhibition of mitochondrial dehydrogenases, particulary -ketoglutarate 

dehydrogenase (-KGDH). Therefore, in the presence of MB the -KGDH reaction can 

proceed and provide succinyl-CoA for matrix SLP. 

Our measurements were carried out on isolated mitochondria prepared from guinea-

pig brain cortex. In mitochondria, ATP can be generated by oxidative phosphorylation, 

substrate-level phosphorylation and the adenylate kinase reaction catalyzing the 

formation of AMP and ATP from 2 mol ADP. The latter reaction was inhibited by AP5 

during our measurements. ATP synthesis was measured spectrophotometrically with a 

coupled enzyme assay. The mitochondrial membrane potential was detected by safranine 

fluorescence and oxygen consumption was measured by high-resolution respirometry 

(OROBOROS Oxygraph-2k). 

In the presence of ETS inhibitors, mitochondrial ATP synthesis was inhibited. In the 

presence of oligomycin, OXPHOS was inhibited but a low level of SLP could be detected. 
In the presence of ETS inhibitors, addition of MB partially restores ΔΨmt and electron 

flow, resulting in ATP synthesis from OXPHOS and SLP. In the presence of oligomycin, 

addition of MB resulted in increase of SLP, which could be further stimulated by 

uncouplers. In the simultaneous presence of ETS inhibitors and oligomycin administration 

of MB stimulates SLP and the formed ATP can contribute to the alleviation of energetic 

insufficiency. The effects of MB on SLP, however, are substrate dependent. -

ketoglutarate supports MB’s effect on SLP, but addition of succinate does not stimulate 

SLP. 

We conclude that MB mediated stimulation of SLP can be an important factor to 

maintain energetic competence of mitochondria. 
 Supported by OTKA (NK 81983), TÁMOP (4.2.2./B-09/1), MTA (MTA TKI 2013), National Brain Research 

Program ( KTIA_13_NAP-A-III/6). 
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B1-05 Optimization of malate concentration for high-
resolution respirometry: mitochondria from rat 

liver and brain. 
Sumbalová Zuzana1, Vančová O1, Krumschnabel G2, Gnaiger 

E2,3 
1Pharmacobiochem Lab, Fac Medicine, Comenius Univ, Bratislava, Slovakia; 
2OROBOROS INSTRUMENTS, Innsbruck, Austria; 3Dept Visceral, Transplant 

Thoracic Surgery, D Swarovski Research Lab, Medical Univ Innsbruck, 

Austria. – zuzana.sumbalova@fmed.uniba.sk 
 

Complex substrate-uncoupler-inhibitor titration (SUIT) [1] protocols, used in high-

resolution respirometry, are designed to determine respiration with CI-linked and CII-

linked substrates in a single experiment. Observations on multiple types of mitochondria 

revealed that malate, a substrate used to fuel CI-linked respiration, inhibits CII-linked 

respiration (succinate in the presence of rotenone, Rot; coupled and noncoupled) at 2 

mM concentration. Mutual interference between succinate and malate was already 

described by Harris and Manger [2], and the effect was attributed to accumulation of 

oxaloacetate, an inhibitor of succinate dehydrogenase (SDH) and fumarate [1,3]. 

In this study, we examined the effect of various concentrations of malate on CI-linked 

and CII-linked respiration, as well as on the involvement of SDH as a constitutive part of 

Krebs cycle, in the respiration with CI-linked substrate combinations, in mitochondria 

from rat liver and brain. 

In both liver and brain mitochondria, 0.5 mM malate, added in combination with 5 mM 

pyruvate and 10 mM glutamate, supported >90% of maximal CI-linked respiration 

observed with saturating 2 mM malate. Conversely, when malate was added to 

noncoupled mitochondria fueled by CII-linked substrate succinate(Rot), it inhibited ETS 

capacity  by 6% and 8% at 0.5 mM, 22% and 25% at 2 mM, and 33% and 37% at 5 mM 

malate concentration, in mitochondria from liver and brain, respectively. A similar degree 

of inhibition of noncoupled CII-linked respiration by malate was observed when 

mitochondria were previously exposed to CI&II–linked substrates followed by inhibition of 

CI with rotenone. Assuming that this effect is caused by an indirect impact of malate on 

SDH, lower inhibition of respiration at lower malate concentration would be suggestive of 

a higher involvement of SDH in respiration with CI-linked substrate combinations. 

Indeed, this involvement, as determined by inhibition of SDH with 5 mM malonate after 

ADP-stimulated respiration with pyruvate, glutamate and malate, amounted to more than 

50% without malate, ~35% with 0.5 mM, ~20% with 2 mM, and ~15% with 5 mM 

malate concentration in both types of mitochondria. 

In summary, our observations showed that despite tremendous physiological 

differences between liver and brain mitochondria, malate affected their respiratory 

patterns in a similar manner, suggesting that this may be a more general phenomenon. 

Therefore, we recommend that when malate is used in complex SUIT protocols, a 

concentration of 0.5 mM should be used rather than previously applied higher 

concentrations (2 mM), balancing its stimulatory and inhibitory effects on mitochondrial 

respiration. 
 

1.  Gnaiger E (2012) Mitochondrial pathways and respiratory control. An introduction to OXPHOS analysis. 3rd 
ed. Mitochondr Physiol Network 17.18. OROBOROS MiPNet Publications, Innsbruck: 64 pp. 

2.  Harris EJ, Manger JR (1968) Intramitochondrial substrate concentration as a factor controlling metabolism. 
The role of interanion competition. Biochem J 109: 239-46. 

3.  Gunter TE, Gerstner B, Lester T, Wojtovich AP, Malecki J, Swarts SG, Brookes PS, Gavin CE, Gunter KK 
(2010) An analysis of the effects of Mn2+ on oxidative phosphorylation in liver, brain, and heart 
mitochondria using State 3 oxidation rate assays. Toxicol Appl Pharmacol 249: 65-75. 
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B1-06 Multipotent stromal cells injection improves rat 
liver regeneration through activation of 

mitochondrial functions after subtotal 
hepatectomy. 
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Fathudinov T1,2, Vysokikh M1,3, Sukhikh G1 

1VI Kulakov Research Center Obstetrics, Gynecology, Perinatology, Ministry 

Health Russian Fed; 2Research Inst Human Morphology, Russian Acad Med 

Sc; 3AN Belozersky Physico-Chem Biol Inst, Moscow State Univ; Moscow, 

Russia. – mariavolodina@yandex.ru 
 

Mammalian liver has unique regenerative capacity, which makes liver resection useful 

research on regeneration and ways to accelerate regenerative processes. The aim of our 

work was to study mitochondrial function in rat liver tissue after subtotal hepatectomy 

and to investigate effects of multipotent stromal cells (MSCs) injection on liver 

regeneration.  

On day 0 we performed a 80% hepatectomy on adult white male rats. Liver 

mitochondria were isolated from dissected liver tissue. On day 7 we performed total 

hepatectomy and isolated liver mitochondria under the same experimental conditions; 

after that animals were sacrificed. Rats were divided into two groups: control (N=12); 

MSCs (N=9). On day 0 animals of MSCs group were subjected to intrasplenic injection of 

106 MSC in saline. Rats of the control group were injected with the same volume of 

saline. MSCs were isolated from rats’ umbilical cord by enzyme digestion, cultured in 

appropriate growth medium and rats’ phenotype characterized in accordance with a 

standard protocol. Mitochondrial respiratory parameters were measured using an 

oxygraph (Hansatech, UK). 

At the end of the experiment, seven and six rats had survived in control and MSCs 

groups, respectively. Only mitochondria isolated from these rats were taken into account 

for the final analysis. A decreased mitochondrial protein amount to liver tissue weight 

ratio was observed on day 7, compared to day 0, in both groups. In the MSCs group the 

decrease of mitochondrial protein concentration was significantly less than in the control 

group (MSCs: 1.5±0.2 fold; control: 2.1±0.3 fold). At the same time the ~P/O ratio did 

not change in the control group (day 0: 3.0±0.4; day 7: 3.0±0.3) but slightly (P<0.1) 

increased in the MSCs group (day 0: 2.7±0.3; day 7: 3.2±0.1). Mitochondrial oxygen 

flux (nmol O2∙min-1∙mg-1 protein) in the control group significantly increased on day 7 

compared to day 0 in the presence of glutamate and malate (CIL: 5.2±0.4 vs 3.0±0.2), 

+rotenone, succinate and ADP (CIIP: 53.9±1.7 vs 34.7±5.2), +oligomycin (CIIL: 9.9±0.7 

vs 7.2±0.9), and +FCCP (CIIE: 53.7±4.5 vs 43.0±3.7). No increase in respiration was 

found in the MSCs group. L/E and P/E coupling control ratios for CII-linked respiration 

were unchanged in both groups.  

In summary, we can assume that MSCs injection accelerates not only proliferation and 

liver growth but also differentiation of progenitors to different cell types, through 

normalization of liver mitochondrial function in terms of correlation between respiration, 

ΔΨmt and ROS production, in rat liver tissue after 80% liver resection. 
 Supported by grant RFBR № 14-04-01224 А. 
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B2-01- Mitochondria are sources, rather than sinks, of 

reactive oxygen species. Effects of mitochondria-
targeted antioxidants.  
Skulachev Vladimir P 
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Assuming that mitochondria are sources of reactive oxygen species (ROS), 

  causing a number of pathologies, predicts that mitochondria-targeted 

antioxidants should decrease intracellular ROS and cure humans suffering from various 

ROS-linked diseases much stronger than non-targeted antioxidants or antioxidants 

targeted to compartments other than mitochondria. The first observation of this kind was 

done by Murphy’s group, where mitochondria-targeted CoQ derivative MitoQ was found 

to inhibit ROS-induced apoptosis of cell cultures at 5∙102 times lower concentration than 

non-targeted CoQ [1]. Later, Chernyak’s group in our laboratory showed an even larger 

difference between mitochondria-targeted plastoquinones (SkQ1 or SkQR1) and non-

targeted N-acetyl cysteine (NAC) and trolox [2-4]. The stronger effect of SkQs, compared 

to MitoQ, was mainly due to a much larger window between anti- and prooxidant 

activities of these quinones. A 106 difference between doses of SkQ1 and NAC was shown 

in our group by Kopnin and coworkers, who studied an increase in lifespan of p53-/- mice 

who died due to lymphoma [5]. Such a great advantage of SkQ1 over NAC could be 

predicted if one takes into account that (1) the antioxidant effect of SkQ1 results in a 

prevention of the chain reaction of cardiolipin peroxidation, localized in the inner 

mitochondrial membrane; and (2) extracellular SkQ1, in contrast to NAC, 

electrophoretically accumulates by a factor of 10 in cytosol, 103 in the mitochondrial 

matrix and 104 in the membrane, because of a high octanol/water distribution coefficient. 

As a result, SkQ1 concentration in the inner mitochondrial membrane can be 108 

(10∙103∙104) times higher than extramitochondrial [SkQ1] [6,7]. Large differences 

between acting concentrations of SkQ1 and those of vitamin E or NAC were revealed by 

Kolosova and coworkers when studying progeric OXYS rats (age-dependent development 

of cataract, retinopathy and an IGF-1 decrease were investigated) [5-8]. Rabinovich and 

his colleagues succeeded in an in vivo targeting of catalase to mitochondria [9-12].  In 

particular, an antiprogeric effect was observed in “mutator” mice defective in the proof-

reading domain of mitochondrial DNA polymerase [12]. Such mice were shown to have 

an elevated content of mitochondrial H2O2 [13]. Targeting of catalase to nucleus or 

peroxisomes proved to be much less effective than to mitochondria [9].  

The final aim of ROS studies is certainly the treatment of ROS-induced pathologies in 

humans. There is already a precedent when a mitochondria-targeted antioxidant - eye 

drops Visomitin containing 250 nM SkQ1, which is an efficient treatment of the previously 

incurable disease “dry eye syndrome” [14,15] - were officially recommended as a 

medicine and became available in pharmacies. Clinical trials of this drug showed that it is 

also beneficial in two other age-related diseases, i.e. cataract and glaucoma. Again, SkQ1 

proved to be much more efficient than thymolol, a non-targeted antioxidant. 
 

1.  Kelso GF, Porteous CM, Coulter CV, Hughes G, Porteous WK, Ledgerwood EC, Smith RA, Murphy MP (2001) 
J Biol Chem 276: 4588-96.  

2.  Agapova LS, Chernyak BV, Domnina LV, Dugina VB, Efimenko AY, Fetisova EK, Ivanova OY, Kalinina NI, 
Khromova NV, Kopnin BP, Kopnin PB, Korotetskaya MV, Lichinitser MR, Lukashev AL, Pletjushkina OY, 
Popova EN, Skulachev MV, Shagieva GS, Stepanova EV, Titova EV, Tkachuk VA, Vasiliev JM, Skulachev VP 
(2008) Biochemistry (Mosc) 73: 1300-16.  

3.  Chernyak BV, Antonenko YN, Galimov ER, Domnina LV, Dugina VB, Zvyagilskaya RA, Ivanova OY, Izyumov 
DS, Lyamzaev KG, Pustovidko AV, Rokitskaya TI, Rogov AG, Severina II, Simonyan RA, Skulachev MV, 
Tashlitsky VN, Titova EV, Trendeleva TA, Shagieva GS (2012) Novel mitochondria-targeted compounds 
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reactive oxygen species? 
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composed of natural constituents: Conjugates of plant alkaloids berberine and palmatine with 
plastoquinone. Biochemistry (Mosc) 77: 983-95. 

4.  Galkin II, Antonenko YN, Galimov ER, Domnina LV, Dugina VB, Zvyagilskaya RA, Ivanova OY, Izyumov DS, 
Lyamzaev KG, Pustovidko AV, Rokitskaya TI, Rogov AG, Severina II, Simonyan RA, Skulachev MV, 
Tashlitsky VN, Titova EV, Trendeleva TA, Shagieva GS (2014) Biochemistry (Mosc.) 79: 124-30.  

5.  Skulachev VP (2009) Biochim Biophys Acta 1787: 437-61.  
6.  Skulachev VP (2010) Biochim Biophys Acta 1797: 878-89. 
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Skulachev VP (2011) Curr Drug Targets 12: 800-26.  

8.  Kolosova NG, Stefanova NA, Muraleva NA, Skulachev VP (2012) Aging (Albany NY) 4: 686-94.  
9.  Schriner SE, Linford NJ, Martin GM, Treuting P, Ogburn CE, Emond M, Coskun PE, Ladiges W, Wolf N, van 

Remmen H, Wallace DC, Rabinovitch PS (2005) Science 308: 1909-11.  
10. Lee HY, Choi CS, Birkenfeld AL, Alves TC, Jornayvaz FR, Jurczak MJ, Zhang D, Woo DK, Shadel GS, Ladiges 

W, Rabinovitch PS, Santos JH, Petersen KF, Samuel VT, Shulman GI (2010) Cell Metab 12: 668-74.  
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For decades, mitochondria have been considered a major intracellular 

  source of reactive oxygen species (ROS). Mitochondrial ROS have been 

viewed as a negative factor, contributing to the damage of cellular components. More 

recent data point to a more physiological role of mitochondrial-produced ROS in 

mitochondria-cell communication and intra- and extracellular signaling [1]. 

The eventual unraveling of the complex and powerful mitochondrial ROS detoxication 

system resulted in a concept that mitochondria are more a sink than a source of ROS 

[2,3]. However, our research indicates that mitochondria are a ROS buffering system 

that can maintain the intracellular level of ROS in relation to the metabolic 

circumstances.  

In this presentation, I will briefly summarize the state of knowledge on the sources 

and regulation of ROS production and scavenging in mitochondria and present 

experimental data on mitochondrial ROS-buffering properties. 
 

1.  Lenaz G (2012) Mitochondria and reactive oxygen species. Which role in physiology and pathology? Adv Exp 
Med Biol 942: 93-136. 

2.  Starkov AA (2008) The role of mitochondria in reactive oxygen species metabolism and signaling. Ann N Y 
Acad Sci 1147: 37-52. 

3.  Andreyev AY, Kushnareva YE, Starkov AA (2005) Mitochondrial metabolism of reactive oxygen species. 
Biochemistry (Mosc) 70: 200-14.  
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 While it is widely accepted that consuming a high-fat diet (HFD) increases 

the risk of developing type II diabetes mellitus and obesity, little is known about the 

initiating factor causing insulin resistance. A recent study suggests that white adipose 

tissue (WAT) insulin sensitivity is drastically attenuated as early as one week on a HFD, 

however the underlying cause of this tissue specific insulin resistance is unknown as 

inflammation occurs many weeks later [1]. Since increased mitochondrial reactive 

oxygen species (ROS) and oxidative stress are associated with an insulin resistant state, 

we propose that elevated mitochondrial ROS emissions may be a causal factor in WAT 

insulin resistance. The aim of the current study was to determine mitochondrial 

respiration and ROS emission rates in WAT of mice under control and HFD conditions. 

 Adult male mice were placed on a standard chow (10% kcal fat) or a HFD (60% kcal 

fat) for one week. Mitochondrial respiration was measured by high-resolution 

respirometry in permeabilized adipose tissue. In addition, we optimized and validated a 

method to measure WAT mitochondrial ROS emissions. 

 One week on a HFD reduced glucose homeostasis, as WT HFD mice displayed 

increased plasma insulin levels as well as whole body insulin resistance determined by an 

intraperitoneal insulin tolerance test. While skeletal muscle insulin signaling was 

preserved, visceral WAT insulin signaling was reduced in WT HFD mice, confirming 

previous reports of acute HFD [1]. Moreover, we observed lipid-supported increased 

mtROS emissions in visceral WAT from WT HFD mice with no alterations in mitochondrial 

content or adipocyte cell size after one week of high-fat feeding, suggesting an early 

association between WAT mtROS emissions and insulin resistance.  

 In conclusion, we propose that elevated mtROS emission observed after one week of a 

HFD is a causal factor of WAT insulin resistance which contributes to altered whole body 

glucose homeostasis reported with an acute HFD. 
 

1.  Turner N, Kowalski GM, Leslie SJ, Risis S, Yang C, Lee-Young RS, Babb JR, Meikle PJ, Lancaster GI, 
Henstridge DC, White PJ, Kraegen EW, Marette A, Cooney GJ, Febbraio MA, Bruce CR (2013) Distinct 
patterns of tissue-specific lipid accumulation during the induction of insulin resistance in mice by high-fat 
feeding. Diabetologia 56: 1638-48. 
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There is sufficient evidence to suggest that mitochondrial (mt) dysfunction  

plays a pivotal role in the onset of type II diabetes mellitus and that dietary 

(poly)phenols may help alleviate this [1-4]. Colonic microbial metabolites of 

(poly)phenols are of particular interest, as they can be present in blood in vivo at high 

concentration in peripheral tissues [5]. Furthermore, cells are chronically exposed to 

these compounds for long periods of time which implies that they could have a lasting 

effect on mt function. 

 To study these potential effects, human hepatocyte cells were cultured in high glucose 

in the presence of (poly)phenols and relevant biomarkers investigated. Mitochondria 

were isolated and characterized. Spectrophotometric enzymic assays were used to assess 

the activity of the protein complexes of the electron transfer system (ETS), and reactive 

oxygen species (ROS) generation was studied using a fluorescence assay. In addition, 

high-resolution respirometry on corresponding intact cells enabled the measurement of 

mt respiration and analysis of oxidative phosphorylation. We find that high glucose 
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concentration significantly decreases mt ETS Complex I NADH oxidase activity (Figure 1), 

and the ability of biologically active molecules to affect this modulation will be presented.  
 Supported by European Research Council Advanced Grant POLYTRUE? (322467).  
1.  Yang H, Jin X, Kei Lam CW, Yan SK (2011) Oxidative stress and diabetes mellitus. Clin Chem Lab Med 49: 

1773-82.  
2.  Williamson G (2013) Possible effects of dietary polyphenols on sugar absorption and digestion. Mol Nutr 

Food Res 57: 48-57. 

3.  Bahadoran Z, Mirmiran P, Azizi F (2013) Dietary polyphenols as potential nutraceuticals in management of 
diabetes: a review. J Diabetes Metab Disord 12: 43. 

4.  Ungvari Z, Labinskyy N, Mukhopadhyay P, Pinto JT, Bagi Z, Ballabh P, Zhang C, Pacher P, Csiszar A (2009) 
Resveratrol attenuates mitochondrial oxidative stress in coronary arterial endothelial cells. Am J Physiol 
Heart Circ Physiol 297: 1876-81. 

5.  Williamson G, MN Clifford (2010) Colonic metabolites of berry polyphenols: the missing link to biological 
activity? Br J Nutr 104 Suppl 3: 48-66.  

 

Figure 1: Electron transfer Complex I NADH 

oxidase (CI) activity in mitochondria isolated from 

human HepG2 cells, maintained in MEM Eagle 

supplemented with 10% FBS, in the presence of 

5.5 or 25 mM glucose, for 24 h. Mt preparations 

were assayed in 150 μM NADH and absorbance at 

340 nm monitored for 1 h. Enzyme activity (U) is 

equivalent to μmol NADH oxidised min-1∙mg-1 total 

protein. Bars represent mean+SD; N=3 

(*P<0.05). 
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Mitochondrial uncoupling protein 2 (UCP2) has been suggested to 

participate in the attenuation of the reactive oxygen species production, but the 

mechanism of action and the physiological significance of UCP2 activity remain 

controversial. The protonophoretic function of recombinant reconstituted UCP2 is 

essentially dependent on non-esterified fatty acids [1], and we showed that 

mitochondrial phospholipase A2γ participates in the regulation of UCP2 function [2,3]. 

Because UCP2 plays an antioxidant role in pancreatic β–cells [4], we also tested our 

hypothesis of iPLA2γ–dependent regulation of UCP2, using the model of INS–1E 

insulinoma cells. High-resolution respirometry and parallel fluorometric detection of 

membrane potential and mitochondrial superoxide formation revealed pro-oxidant–

induced increase in respiration, decrease in mitochondrial membrane potential and 

decrease in mitochondrial superoxide formation in non-targeting shRNA INS–1E controls 

(ntgINS–1E) but not in UCP2–silenced and iPLA2γ–silenced cells. In addition, we 

observed identical glucose–stimulated insulin secretion in ntgINS–1E controls, UCP2–

silenced and iPLA2γ–silenced cells in the absence of a pro-oxidant insult. Addition of the 

pro-oxidant tert-butyl hydroperoxide results in markedly elevated insulin release in both 

UCP2–silenced and iPLA2γ–silenced cells but not in ntgINS–1E controls. 

Fatty acids are important for normal function of pancreatic β-cells, but elevated levels 

of free fatty acids are associated with increased production of reactive oxygen species 

and augmented glucose-stimulated insulin secretion [4]. Therefore, we tested whether 

the UCP2–mediated, iPLA2γ–dependent antioxidant action protects pancreatic β–cells 

from acute cytotoxic effects of saturated fatty acids. We exposed the INS-1E insulinoma 

cells to various concentrations of palmitate and measured the kinetics of insulin secretion 

and the rate of superoxide production in the mitochondrial matrix. Reasonably low 

concentrations of palmitate (10–30 nmol∙10-6 cells) cause elevated insulin secretion in 

ntgINS–1E controls but markedly inhibit insulin secretion in both UCP2–silenced and 

iPLA2γ–silenced cells. Corresponding concentrations of palmitate also lead to attenuation 
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  43 

 

Mitochondrial Physiology – MiP2014 www.mitophysiology.org 

of mitochondrial superoxide formation in ntgINS–1E controls but not in UCP2–silenced or 

iPLA2γ–silenced cells. 

These results contribute to the understanding of UCP2–dependent regulation of 

mitochondrial superoxide production and insulin secretion in pancreatic β-cells and to the 

understanding of free fatty acid–mediated antioxidant function provided by synergic 

actions of iPLA2γ and UCP2. Our observations further indicate that UCP2 and iPLA2γ 

protect β–cells against toxicity associated with acute moderate fatty acid intake. 
 Supported by Grant Agency of the Czech Republic, grant No. P302/10/034, P305/12/1247, and 

P304/10/P204. 
1.  Ježek P, Jabůrek M, Garlid KD (2010) Channel character of uncoupling protein-mediated transport. FEBS 

Lett 584: 2135-41. 
2.  Ježek J, Jabůrek M, Zelenka J, Ježek P (2010) Mitochondrial phospholipase A2 activated by reactive oxygen 

species in heart mitochondria induces mild uncoupling. Physiol Res 59: 737-47. 
3.  Jabůrek M, Ježek J, Zelenka J, Ježek P (2013) Antioxidant activity by a synergy of redox-sensitive 

mitochondrial phospholipase A2 and uncoupling protein-2 in lung and spleen. Int J Biochem Cell Biol 45: 
816-25. 

4.  Ježek P, Olejár T, Smolková K, Ježek J, Dlasková A, Plecitá-Hlavatá L, Zelenka J, Špaček T, Engstová H, 
Pajuelo Reguera D, Jabůrek M (2014) Antioxidant and regulatory role of mitochondrial uncoupling protein 
UCP2 in pancreatic beta-cells. Physiol Res 63: 73-91. 
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Alternations of pivotal mitochondrial function – oxidative phosphorylation 

as well as abnormal cellular ROS production - can potentially be responsible for 

pathogenesis of cancer. In the last years, implications of p66Shc adaptor protein in the 

cellular response to oxidative stress have been discovered. Involvement of this protein in 

cell death is related to oxidative stress. Phosphorylation of p66Shc at Ser36 can be 

activated by extracellular or intracellular reactive oxygen species (ROS), and an initiated 

cascade of events is finally involved in the amplification of mitochondrial ROS production. 

The available literature does not contain a lot of data concerning the role of p66shc 

and its Ser36 phosphorylation in tumorigenesis and cancer growth. Therefore, we studied 

the relationship between ROS production, antioxidant defense systems and the level of 

p66Shc as well as p66Shc phosphorylation in murine cancer cell lines, derived from 

ectoderm (B16-F10, B78, MmB16, EMT6, 4T1), mesoderm (Renca) and endoderm 

(CT26.WT, Hepa1-6, LLC, Panc02). 

The cancer cells exhibited various levels of p66Shc and its Ser36 phosphorylation, 

which simultaneously is negatively correlated with the level of superoxide dismutase 2 in 

some of the investigated cancer cell lines. 

ROS can mediate opposing cellular functions like cell proliferation and apoptosis. In 

turn, p66Shc Ser36 phosphorylation pathway is involved in regulation of mitochondrial 

metabolism and is responsible for elevated intracellular ROS levels. Moreover, p66Shc 

seems to play an important role in cancer metastasis and cancer cell adhesion. This 

emphasizes the importance of understanding the mechanisms and sites of ROS formation 

in cancer cells, the role of p66Shc in this process and the effect on tumor physiology. 
Supported by Statutory Founding from Nencki Institute of Experimental Biology and Polish Ministry of 
Science and Higher Education grant W100/HFSC/2011. 
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B3-01  Bioenergetic responses to cyclic hypoxia reveal 
mitochondrial mechanisms of hypoxia tolerance 

in marine bivalves. 
Sokolova Inna, Ivanina A, Draga A 

Dept Biol Sc, Univ North Carolina, Charlotte, NC, USA. - isokolov@uncc.edu 
 

Marine organisms are exposed to periodical oxygen deficiency (hypoxia) in 

estuarine and coastal zones, due to the tidal cycles and/or seasonal formation of the 

benthic “dead zones”.  In sessile organisms, such as bivalves, which cannot escape 

hypoxic exposures, the ability to survive hypoxia is critically dependent on the 

physiological and cellular tolerance mechanisms that allow coping with oxygen deficiency 

and quickly recovering upon reoxygenation. Energy limitation and damage due to 

reactive oxygen species are major stressors during hypoxia and post-hypoxic recovery, 

and it is not well known how mitochondria of hypoxia-tolerant marine organisms cope 

with these challenges.  

We studied mitochondrial and cellular responses to hypoxia and post-hypoxic recovery 

in two common bivalves: a hypoxia-tolerant intertidal hard clam Mercenaria mercenaria 

and a hypoxia-sensitive subtidal bay scallop Argopecten irradians. Respiration, mt-

membrane potential (△Ψmt), △Ψmt-dependent kinetics of three major mitochondrial 

subsystems (substrate oxidation, proton leak and phosphorylation), as well as energy 

reserves and expression of phosphorylated AMPK (pAMPK) and elongation factor (eEF) 

were measured in clams and scallops exposed to normoxia or short-term hypoxia (17 h 

at <1% O2), followed by a 1 h period of normoxic recovery. Mitochondrial and cellular 

responses to hypoxia and reoxygenation dramatically differed in the two studied species. 

In scallops, hypoxia suppressed the capacity of all three mitochondrial subsystems, 

especially the phosphorylation subsystem. Mitochondrial condition further deteriorated 

during reoxygenation, with strong depolarization of mitochondria and a decrease in the 

flux capacity of the substrate oxidation and phosphorylation subsystems. In contrast, in 

clams, hypoxia increased the △Ψmt-dependent capacity of the substrate oxidation 

subsystem and had weak inhibitory effects on the flux through the phosphorylation and 

proton leak subsystems.  During reoxygenation, the substrate oxidation capacity of clam 

mitochondria further increased and the capacity of the phosphorylation subsystem 

returned to normal. Lipid levels increased during hypoxia in clams and scallops, possibly 

due to the inhibition of mitochondrial catabolism of fats; during reoxygenation, the lipid 

levels rapidly declined in clams but continued to increase in scallops. Glycogen reserves 

decreased during hypoxia and reoxygenation in scallops indicating high dependence on 

glycolysis. Protein levels of phosphorylated eEF increased in clams but not in scallops 

during hypoxia, indicating suppression of the protein synthesis in the more hypoxia-

tolerant species. Levels of pAMPK increased during reoxygenation in scallops indicating 

energy stress but remained stable throughout hypoxia and reoxygenation in clams. No 

oxidative damage of the mitochondrial membrane lipids was detected in either species.  

Decreased protein synthesis provides an energy-saving mechanism during hypoxia in 

clams while upregulation of the substrate oxidation capacity poise them for a quick 

recovery upon reoxygenation. Scallops do not possess these mechanisms and suffer from 

mitochondrial deterioration and energy deficiency, limiting their ability to survive and 

recover from hypoxia. 
 Supported by UNC Charlotte. 
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B3–02 Substrate utilisation in the hypoxic heart: a 
glycolysis/glucose oxidation mismatch? 
Horscroft James A, Burgess SL, Murray AJ 

Dept Physiol, Development & Neuroscience, Univ Cambridge, UK. - 

jah212@cam.ac.uk 
 

Hypoxia presents a physiological challenge to cardiac mitochondrial ATP 

  generation [1]. Limiting atmospheric oxygen in both short-term chamber 

  studies and longer term sojourns to altitude has been associated with 

decreased cardiac energetics in humans [2]. However, the metabolic mechanisms 

underlying these alterations are yet to be fully understood. Here, we set out to 

investigate the nature and timing of hypoxia-induced changes in cardiac substrate 

utilisation and electron transfer system (ETS) capacity, using high-resolution 

respirometry in permeabilized muscle fibres and enzyme activity assays. 

Male Wistar rats were exposed to 10% environmental oxygen for either two or 14 

days, with rats maintained in normoxia as controls. Despite a 12% loss in body mass 

(P<0.0001), 2 d hypoxia did not induce any metabolic changes. However, after 14 d 

hypoxia, tissue-mass specific OXPHOS capacity, driven by octanoyl carnitine (OctM) and 

pyruvate (PM), dropped by 30% (P<0.05) and 21% (n.s.), respectively. The ratio of Oct 

to pyruvate-driven OXPHOS was 12% lower after 14 d hypoxia compared with controls 

(P<0.01), indicative of a switch in substrate preference. The loss of fatty acid oxidation 

capacity could not be explained by a loss of 3-hydroxyacyl-CoA dehydrogenase (HOAD) 

activity, as this was unaffected by hypoxia. Hexokinase activity, however, was 

augmented by 33%, following hypoxic exposure, when expressed relative to protein 

mass (P=0.02), and 39% when expressed relative to pyruvate-driven OXPHOS capacity 

(P=0.002), possibly indicating worsened coupling of glycolysis to glucose oxidation. In 

agreement with previous studies, 14 d hypoxia induced a 22% drop in Complex I-linked 

OXPHOS capacity (P<0.05). LEAK to OXPHOS ratio, a measure of mitochondrial 

uncoupling, was unaffected by hypoxia.  

Paradigms of a hypoxia-induced metabolic substrate switch and the development of a 

diminished Complex I capacity are emerging, and these are supported by the present 

study. Although the molecular basis of the short-term loss in cardiac energetics is yet to 

be fully elucidated, the present data supports the hypothesis that the worsened energetic 

profile brought about by sustained hypoxia is propagated by a mismatch between 

glycolysis and glucose oxidation. The resulting proton production may have implications 

for mechanical function in the intact heart. 
 

1.  Heather LC, Cole MA, Tan JJ, Ambrose LJ, Pope S, Abd-Jamil AH (2012) Carter EE Metabolic adaptation to 
chronic hypoxia in cardiac mitochondria. Basic Res Cardiol 107: 268. 

2.  Holloway CJ, Montgomery HE, Murray AJ, Cochlin LE, Codreana I, Hopwood N, Johnson AW, Rider OJ, Levett 
DZ, Tyler DJ, Francis JM, Neubauer S, Grocott MP, Clarke K (2011) Cardiac response to hypobaric hypoxia: 
persistent changes in cardiac mass, function and energy metabolism after a trek to Mt. Everest Base Camp. 
FASEB J 25: 792. 
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Hypoxia-ischemia is a major cause of fetal and perinatal brain damage. In Brazil, 

perinatal asphyxia is an important cause of death and also the most important cause of 

encephalopathy and permanent brain damage in children. Here we used a model of 

perinatal asphyxia in rats to study short- and long-term effects caused by the perinatal 

asphyxia in the development of the cerebral cortex.  

Pregnant females were monitored between the 20th and the 22nd day of gestation. At 

the beginning of labor, the fetus was submitted to an acute period of complete asphyxia 

mailto:jah212@cam.ac.uk
mailto:galina@bioqmed.ufrj.br
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by submersion of the one uterine horn into a PBS bath for 15 min at 37 °C (asphyxiated 

group). In parallel, pups from the other uterine horn were rapidly removed, cleaned and 

directed to a foster mother (control animals).  

In the group exposed to asphyxia, the survival rate was 67%. There was no difference 

in body weight gain between the groups until 21 days postnatal (P21), although 

reduction of weight brain of asphyxia animals was detected at P7. Perinatal asphyxia 

caused permeabilization of the blood-brain barrier, but no raise in the level of 

inflammatory cytokines was detected after birth. Oxygen consumption was increased at 

P0 and P7, and resistance against formation of mitochondrial membrane permeability 

transition (MPT) was increased, as shown by monitoring the mitochondrial membrane 

potential (mtMP) by safranine O. After two weeks, we observed a normalization of 

mitochondrial oxygen consumption with a concomitant increase in susceptibility to the 

formation of the MPT in asphyxiated animals and, consequently, an increased sensitivity 

to cell death.  

Taken together, our results reinforce the hypothesis that brain development is altered 

by perinatal asphyxia, in particular neuronal biochemistry. These changes may contribute 

to neurological disorders found in children exposed to perinatal asphyxia. 
 
 
 
 

B3-04 The metabolic panorama during tumor 
progression towards malignancy. 
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1Inst Bioquímica Médica, Univ Federal Rio de Janeiro; 2Dept Farmacol, Univ 

Federal São Paulo; Brazil. - amoedo@bioqmed.ufrj.br 
 

Many tumor cells show enhanced aerobic glycolysis, even in the presence 

of oxygen: The so called Warburg effect. This pathway provides substrates for the 

synthesis of lipids, proteins and DNA. However, the Warburg effect does not necessarily 

imply mitochondrial dysfunction. Research currently pictures tumors as compositions of 

different populations of cells with distinct metabolic phenotypes, which are able to adjust 

to oxygen and nutrient gradients within the tumor mass. Not all cancer cells display a 

high glycolytic flux as proposed by Warburg. Our results indicate that progression to 

metastasis requires mitochondrial function. Our research, centered on cell lines that 

display increasing degrees of malignancy, focuses on metabolic events, especially those 

involving mitochondria, which could reveal which stages are mechanistically associated to 

metastasis. 

The experimental model consisted of murine melanocytes. These cells were subjected 

to several cycles of adhesion impediment, producing stable cell lines exhibiting 

phenotypes representing a progression from non-tumorigenic to metastatic cells. These 

were: non-tumorigenic cells melan-a (ma), non-tumorigenic cell line 4C (obtained after 

four cycles of adherence abrogation), non-metastatic 4C11- and metastatic 4C11+ 

melanoma cell lines. The metabolic profile of each of these different cell lines was 

investigated by evaluating enzymatic activities and expression of members of the 

glycolytic and oxidative pathways [1]. 

Our results show that only metastatic cell line (4C11+) released the highest amounts 

of lactate and exhibited high LDH activity related to glutamine catabolism. Results from 

measurements with high-resolution respirometry (HRR) show that 4C11+ intact cells 

increased (2.8x) oxidative metabolism, with enhanced (2.6x) rates of oxygen 

consumption coupled to ATP synthesis, when compared to the other pre-malignant 

stages. We did not observe an increase in mitochondrial content, mitochondrial 

biogenesis and alterations of mitochondrial morphology. In addition, in 4C11+ cells, we 

observed an increase in succinate oxidation (Complex II) and fatty-acid oxidation. 

Additional results suggest that lipid droplets may function as an extra source of fatty 

acids for mitochondrial β-oxidation. 

These results suggest that mitochondria of tumor cells could function as energy- and 

redox sensors to maintain metastases. We hypothesize that the oxidative metabolism of 

mailto:amoedo@bioqmed.ufrj.br
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tumor cells in connection with the inactivation of anoikis may have been co-opted 

through a non-adaptive evolutionary process [2]. Detailed analysis of patterns in this and 

other models of tumor progression may reveal whether the modulation of the oxidative 

metabolism is a feature of the metastatic process. 
 

1.  Oba-Shinjo SM, Correa M, Ricca TI, Molognoni F, Pinhal MA, Neves IA, Marie SK, Sampaio LO, Nader HB, 
Chammas R, Jasiulionis MG (2006) Melanocyte transformation associated with substrate adhesion 
impediment. Neoplasia 8: 231-41. 

2.  Amoedo ND, Rodrigues MF, Rumjanek FD (2014) Mitochondria: are mitochondria accessory to metastasis? 
Int J Biochem Cell Biol 51: 53-7. 

 

 

B3-05 Bioenergetics’ traits of tongue cancer 

metastatic cells. 
Rodrigues Mariana F1, Obre E3, Agostini M2, Galina A1, Oliveira 

MF1, Rossignol R3, Amoedo ND1, Rumjanek FD1 
1Inst Bioquímica Médica Leopoldo De Meis, UFRJ, Rio de Janeiro, Brazil; 
2Fac Odontologia, UFRJ, Rio de Janeiro, Brazi; 3Maladies Rares: Génétique 

ET Métabolisme, Univ Bordeaux Segalen, France. - 

mfrodrigues@bioqmed.ufrj.br 
 

Buccal cancer affects 3% of all cases of cancer in the world. The most common malignant 

tumors of the oral cavity are of the spinocellular type and are characterized by invasive 

growth, frequently perineural. Although the main etiological factors, tobacco and alcohol, 

are known, at this point the biochemical features associated with the progression of the 

disease are largely fragmentary. 

We investigated the bioenergetics of oral tongue squamous cell carcinoma (OTSCC) 

metastatic spread. An orthotopic model was developed by the implantation of SCC-9 

ZsGreen cells into the tongue of BALB/c nude mice. The animals were sacrificed 60 days 

later and the axillary lymph nodes collected. Fragments of positive lymph nodes were 

used for explants cultures, from which the LN-1 ZsGreen cell line was isolated. The 

retransplantation generated LN-2 ZsGreen cell lines. LN1 and LN2 present degrees of 

aggressiveness as measured by their metastatic behavior [1].  

When compared for ATP content, SCC9, LN1 and LN2 cells displayed similar profiles. 

All three were strongly sensitive to glycolytic inhibitors as 2-DOG and iodocetamide, but 

were quasi-insensitive to respiratory the inhibitors rotenone and antimycin A. These 

results indicate that SCC9, LN1 and LN2 primarily depend on glycolysis for ATP synthesis, 

although their mitochondria were not dysfunctional. Our results with high-resolution 

respirometry (HRR) show that mitochondrial function is similar in all three cell lines. 

Interestingly, oxygen consumption of digitonin permeabilized cells displayed a decreased 

activity of Complex I- but not of Complex II-linked respiration. Furthermore, 

mitochondrial content was decreased. Interestingly, the content of Complex III increased 

linearly with the metastatic behavior of the cells. Since many types of cancer involve 

defects in respiratory complexes, it is possible that the observed reduced activity of 

Complex I is compensated by an enhanced activity of Complex III. Alternatively, in the 

more aggressive cells electrons bypassing Complex I may increase the speed of the 

entire electron transfer system, therefore facilitating ROS production, migration and 

invasion. To investigate whether tongue cancer cells used specific energy substrates in a 

differential manner, palmitoyl CoA was added to the incubation medium. Stimulation of 

OXPHOS capacity by SCC9 and LN1 cells, and, less so, by the more aggressive LN2 cells 

was observed only with palmitoyl CoA and malate. Additionally, inhibition of beta-

oxidation using etomoxir induced a decrease in ATP levels in LN1 and LN2 cells. These 

results suggest that mitochondria of tongue metastatic cells can select specific energy 

substrates such as amino acids and/or fatty acids to maintain redox balance and ATP 

balance during invasion.  
 

1.  Agostini M, Almeida LY, Bastos DC, Ortega RM, Moreira FS, Seguin F, Zecchin KG, Raposo HF, Oliveira HC, 
Amoedo ND, Salo T, Coletta RD, Graner E (2014) The fatty acid synthase inhibitor orlistat reduces the 
growth and metastasis of orthotopic tongue oral squamous cell carcinomas. Mol Cancer Ther 13: 585-95. 
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Koit A1, Planken M4, Heck K4, Truu L5, Anu Planken A3, Kaambre 
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1Lab Bioenergetics, National Inst Chem Physics Biophysics; 2Tallinn Univ; 
3Cancer Res Competence Center; 4North Estonian Reg Hospital, Tallinn; 
5Tallinn Univ Techn; Estonia. - mananakandashvili80@gmail.com  

Human colorectal cancer (HCC) is an important cause of cancer-associated mortality 

worldwide. For this study we used saponin-treated, post-operational tissue samples of 

HCC in combination with high-resolution respirometry to estimate and characterize 

altered metabolism of mitochondria in HCC. Mitochondrial respiration of tissue samples 

was measured at 25 °C using the OROBOROS Oxygraph-2k. For immunocytochemistry 

we used standard Abcam protocol for formalin fixed paraffin-embedded tissue sections. 

Confocal images were collected using Olympus FV10i-W microscope, RNA isolation and 

RT-PCR were performed using Kits from QIAGEN sciences and Applied Biosystems and 

enzymatic activities were assessed spectrophotometrically at 25 °C [1]. 

The apparent Michaelis-Menten constant (K’m) for ADP and maximal tissue-mass 

specific respiratory flux (Jmax) were calculated for the characterization of the affinity of 

mitochondria for exogenous ADP: normal colon tissue displays low affinity (K’m=260±55 

µM) whereas in tumor tissue, affinity was significantly higher (K’m=126±17 µM). Despite 

the increased permeability of the outer mitochondrial membrane, OXPHOS capacity (Jmax) 

of the tumor samples was 60-80% higher than that in control tissue. These results show 

that HCC is a non-hypoxic oxidative tumor with significantly increased mitochondrial 

respiration and is sensitive to its inhibitors. 

We found that the localization and function of β-tubulin isotypes varies in different 

malignant cells. The absence of βII-tubulin in cancer cells allows binding of HK-2 to 

VDAC, mediating thus the initiation of the Warburg effect. According to Pedersen’s model 

[2], the voltage dependent anion channel (VDAC), located within the mitochondrial outer 

membrane (mtOM) and linked with HK-2, usually shows increased activity in tumor cells 

and is one of the main pathways mediating the “Warburg effect” in cancer. Our RT-PCR 

and immunocytochemistry (ICH) studies have revealed that HCC cells express genes 

encoding HK-1 and HK-2. Studies using confocal microscopy and immunostaining showed 

the colocalization of the HK-2 isoenzyme with VDAC and a possible binding of HK-2 to 

mitochondria in these malignant cells. Consequently, in HCC cells the expression of HK-2 

and HK-1 is associated with binding either one or both isoforms with VDAC in the mtOM. 

Using spectrophotometric assessment of enzymatic activities in HCC showed that 

during carcinogenesis the total activity of hexokinase (HK) does not change in 

comparison with normal tissue. Furthermore, only minor alterations in the expression of 

HK-1 and HK-2 isoforms were observed, and similar results were obtained measuring the 

total activity of CK. In contrast, total adenylate kinase (AK) activity is upregulated in HCC 

cells, and there could be a functional coupling between oxidative phosphorylation and the 

AK system in contrast to normal colon tissue. The structure-function relationship in 

bioenergetic regulation in comparison to tumor and normal tissue of HCC requires further 

investigation. 
 

1.  Klepinin A, Chekulayev V, Timohhina N, Shevchuk I, Tepp K, Kaldma A, Koit A, Saks V, Kaambre T (2014) 
Comparative analysis of some aspects of mitochondrial metabolism in differentiated and undifferentiated 
neuroblastoma cells. J Bioenerg Biomembr 46: 17-31. 

2.  Pedersen PL (2008) Voltage dependent anion channels (VDACs): a brief introduction with a focus on the 
outer mitochondrial compartment's roles together with hexokinase-2 in the "Warburg effect" in cancer. J 
Bioenerg Biomembr 40: 123-6. 
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B3-07 Myotube formation does not require 
mitochondrial ATP production but is inhibited 

by rotenone via the Rho-associated, coiled-coil 
containing protein kinase II. 
Grefte Sander, Wagenaars JA, Jansen R, Willems PH, Koopman 

WJ 

Dept Biochem, Radboud Inst Mol Life Sc, Radboud Univ Medical Center, 

Nijmegen, The Netherlands. - s.grefte@ncmls.ru.nl 
 

Increased expression of the mitochondrial oxidative phosphorylation (OXPHOS) system 

and elevated cellular O2 consumption were observed during myoblast differentiation and 

their fusion into myotubes [1,2]. These processes were inhibited by high concentrations 

of rotenone (Rot; 10 µM), a widely used inhibitor of OXPHOS Complex I (CI), suggesting 

that activity of this complex is required for myotube formation [3]. However, Rot can also 

display off-target effects on microtubules and Rho-GTPases [4,5]. In this study we aimed 

at determining whether Rot-induced inhibition of myotube formation is an on- or off-

target effect. 

Myoblasts were isolated from mouse extensor digitorum longus (EDL) muscle of wild-

type (WT) and CI-deficient (NDUFS4-/-) mice and differentiated for three days. In parallel, 

WT myoblasts were differentiated in the presence of two CI inhibitors (Rot or piericidin A, 

PA) or in the presence of the CIII inhibitor antimycin A (Ama). For all inhibitors, the 

lowest concentration that fully inhibited myoblast O2 consumption (100 nM) was used. 

Cell cultures were then analyzed for myotube formation using immunocytochemistry.  

Our results demonstrate that genetic CI deficiency (NDUFS4-/- myoblasts) as well as CI 

and CIII inhibition by PA and Ama do not affect myotube formation in vitro. In sharp 

contrast, Rot treatment significantly inhibited this process. Hydroethidine (HEt) oxidation 

was similarly increased in Rot- and PA-treated cells, suggesting that HEt-oxidizing 

reactive oxygen species (ROS) are not responsible for the differential effect on myotube 

formation. The inhibitory effects of Rot on myoblast fusion were partially reversed by 

Y27632, a specific inhibitor of the Rho-associated, coiled-coil containing protein kinase 

(ROCK). Isoform specific knockdown studies revealed that Rot action was mediated by 

ROCK2 but not by ROCK1 or RhoA.  

We conclude that formation of primary myotubes by myoblast fusion in vitro does not 

require active mitochondrial ATP production and is inhibited by Rot via a ROCK2-

dependent mechanism. This means that Rot is not an appropriate tool to study CI and/or 

OXPHOS dysfunction in murine myoblasts and myotubes. 
 

1.  Remels AH, Langen RC, Schrauwen P, Schaart G, Schols AM, Gosker HR (2010) Regulation of mitochondrial 
biogenesis during myogenesis. Mol Cell Endocrinol 315: 113-20. 

2.  Malinska D, Kudin AP, Bejtka M, Kunz WS (2012) Changes in mitochondrial reactive oxygen species 
synthesis during differentiation of skeletal muscle cells. Mitochondrion 12: 144-8. 

3. Pawlikowska P, Gajkowska B, Hocquette JF, Orzechowski A (2006) Not only insulin stimulates 
mitochondriogenesis in muscle cells, but mitochondria are also essential for insulin-mediated myogenesis. 
Cell Prolif 39: 127-45. 

4.  Brinkley BR, Barham SS, Barranco SC, Fuller GM (1974) Rotenone inhibition of spindle microtubule 
assembly in mammalian cells. Exp Cell Res 85: 41-6. 

5.  Sanchez M, Gastaldi L, Remedi M, Caceres A, and Landa C (2008) Rotenone-induced toxicity is mediated by 
Rho-GTPases in hippocampal neurons. Toxicol Sci 104: 352-61. 
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Yeast cells adapt mitochondrial morphology, biomass and activity to  

  changing environmental conditions in a dynamic manner. Here we 

investigate the mechanisms of mitochondrial adaptation to different respiration rates, 

oxidative and salt stress. 
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Specifically, we identifed the MPC gene family as particularly regulated upon changes 

from fermentative to respiratory growth or upon stress. Mpc proteins are highly 

conserved from yeast to humans and are necessary for the uptake of pyruvate into 

mitochondria [1,2], which is used for leucine and valine biosynthesis and as a fuel for 

respiration.  

The highly similar Mpc2 and Mpc3 proteins are regulated in an antagonistic manner: 

Mpc2 is most abundant under fermentative non-stress conditions and important for 

amino acid biosynthesis, while Mpc3 is most abundant upon salt stress or respiratory 

growth. Overexpression experiments demonstrate that Mpc3 stimulates respiration and 

oxidative stress tolerance, while Mpc2 inhibits respiration and oxidative stress tolerance. 

Therefore, the regulated mitochondrial pyruvate uptake via different Mpc proteins might 

be an important determinant of respiration rate and stress resistance [3]. We additionally 

analyzed the degradation rate of different respiratory complex subunits in response to 

higher respiration rates and mitochondrial damage. 
 

1.  Bricker DK, Taylor EB, Schell JC, Orsak T, Boutron A, Chen YC, Cox JE, Cardon CM, Van Vranken JG, 
Dephoure N, Redin C, Boudina S, Gygi SP, Brivet M, Thummel CS, Rutter J (2012) A mitochondrial pyruvate 
carrier required for pyruvate uptake in yeast, Drosophila, and humans. Science 337: 96-100. 

2.  Herzig S, Raemy E, Montessuit S, Veuthey JL, Zamboni N, et al (2012) Identification and functional 
expression of the mitochondrial pyruvate carrier. Science 337: 93-6. 

3.  Timón-Gómez A, Proft M, Pascual-Ahuir A (2013) Differential regulation of mitochondrial pyruvate carrier 
genes modulates respiratory capacity and stress tolerance in yeast. PloS One 14 8: e79405. 
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B4-01  Assessing mitochondrial dysfunction in 
fibroblast cells – a comparison between O2k 

and multiwell respirometry. 
Felser Andrea1, Larsson NG1,2 

1Dept Lab Medicine, Karolinska Inst, Stockholm, Sweden; 2Dept Mitoch 

Biol, Max Planck Inst Biol Ageing, Cologne, Germany. - andrea.felser@ki.se 
 

Different platforms for the measurement of respiratory fluxes are available. 

The OROBOROS Oxygraph-2k (O2k) is a two-chamber respirometer based on high-

resolution polarographic oxygen sensors. The Seahorse XFe96 extracellular flux analyzer 

(XFe96) is a fluorescence-based, 96-well sensor cartridge approach. In this study, we 

aimed to compare both platforms by measuring human skin fibroblasts (HSF) and HeLa 

cells, which are both characterized by low respiratory fluxes.  

We analyzed intact cell respiration in Dulbecco’s Modified Eagle Medium containing 

pyruvate/ glutamate using a classical phosphorylation control protocol (using oligomycin, 

CCCP, and rotenone/antimycinA). 

Instrumental background of the calibrated O2k was 2.9±0.4 pmol O2
.s-1.ml-1 at air 

saturation. XFe96 background oxygen consumption varied interexperimentally between 

±3 to ±14 pmol∙min-1. ROUTINE respiration of 2∙106 HSF or HeLa per 2-ml O2k chamber, 

was in the range of 40 pmol O2
.s-1.ml-1. Consistent monolayers of HSF (2.5∙104 cells per 

well) and HeLa (4∙104 cells per well) were in the range of 50 and 100 pmol∙min−1, 

respectively. ROUTINE coupling control ratio (ROUTINE flux over electron transfer system 

capacity, ETS) was similar in HSF between both platforms (0.45), whereas the ratio was 

1.0 (XFe96) or 0.6 (O2k) in HeLa cells. This difference in HeLa might be influenced by 

the fact that respiratory flux is assessed in monolayers (XFe96) or suspension (O2k). 

When converted to comparable SI units, ROUTINE oxygen flow was 40 (O2k: HSF and 

HeLa) versus 33 and 42 (XFe: HSF and HeLa) pmol∙s-1∙10-6 cells; ETS was 89 and 67 

(O2k: HSF and HeLa) versus 74 and 42 (XFe: HSF and HeLa) pmol∙s-1∙10-6 cells, 

respectively. ETS capacity in HSF and HeLa was approximately 80% and 60% in the XFe 

compared to the O2k. 

In conclusion, O2k and XFe96 are both platforms that are suitable to assess 

mitochondrial respiration of human fibroblast and HeLa cells. Instrumental background 

and interexperimental variability is lower in O2k experiments, whereas amount of sample 

is smaller and throughput of multiple conditions is higher using XFe96 respirometry. 

 

 

B4-02 Resveratrol as a double edged sword on 
mitochondrial function. 
Widlund Anne L, Dalgaard LT, Vang O 

Dept Sc, Systems Models, Roskilde Univ, Denmark. – anlyla@ruc.dk 
 

Resveratrol (Resv), a polyphenolic compound, impacts the function of 

  isolated mitochondria, but its modulation of mitochondria in whole cells 

remains poorly defined. In experiments with isolated mitochondria, Resv inhibits the 

activity of several complexes in the electron transfer system (ETS) [1,2]. In experiments 

during which animals were exposed to Resv, an increase in mitochondrial activity by Resv 

was observed [3,4]. Therefore, the aim of the present study was to study the effect of 

Resv on the mitochondrial activity in HeLa cells, noninvasively. 

A Beckman Coulter Z2 Cell and Particle Counter as well as an ICELLigence system 

were used to analyze cell number, proliferation and size. Fluorescence-activated cell 

sorting FACS was used to characterize each cell in regard to relative fluorescence 

intensity. A Seahorse XF-24 analyzer was used to test effects of Resv on mitochondrial 

BB44  Instrumental platforms: developments and 

applications in mitochondrial physiology 
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activity. Quantitative PCR was used to determine relative amounts of a known sequence 

of key genes related to mitochondrial function. 

Our results show that Resv decreases the cell number dose-dependently in both HeLa 

WT and HeLa Rho 0 (depleted of mtDNA), but show no effect on cell proliferation with 

regard to functional mitochondria. A significant increase in cell diameter was observed in 

HeLa WT but not in HeL Rho 0; hence functional mitochondria seem to be a prerequisite 

for the cell enlargement effect by Resv. An overall increase in mitochondrial number, 

membrane potential and reactive oxygen species was observed in HeLa Rho 0 compared 

to HeLa WT. Exposure to Resv induced only small (statistically insignificant) differences. 

The oxygen consumption rate was dose-dependently up-regulated by Resv, which also is 

observed on extracellular acidification rate. To further evaluate if mitochondria of HeLa 

WT and HeLa Rho 0 cells were affected by Resv treatment, the expression levels of 

several key genes related to mitochondrial function were measured, leading to results 

consistent with previous reports [5]. 

Our results indicate that in HeLa cells Resv upregulates mitochondrial respiration and 

cellular glycolysis. 
 Supported in part by the Danish Council for Strategic Research. 
1.  Zini R, Morin C, Bertelli A, Bertelli AA, Tillement JP (1999) Effects of resveratrol on the rat brain respiratory 

chain. Drugs Exp Clin Res 25: 87-97. 
2.  Zheng J, Ramirez VD (2000) Inhibition of mitochondrial proton F0F1-ATPase/ATP synthase by polyphenolic 

phytochemicals. Br J Pharmacol 130: 1115-23. 
3.  Lagouge M, Argmann C, Gerhart-Hines Z, Meziane H, Lerin C, Daussin F, Messadeq N, Milne J, Lambert P, 

Elliott P, Geny B, Laakso M, Puigserver P, Auwerx J (2006) Resveratrol improves mitochondrial function and 
protects against metabolic disease by activating SIRT1 and PGC-1alpha. Cell 15 127: 1109-22. 

4.  Csiszar A, Labinskyy N, Pinto JT, Ballabh P, Zhang H, Losonczy G, Pearson K, de Cabo R, Pacher P, Zhang C, 
Ungvari Z (2009) Resveratrol induces mitochondrial biogenesis in endothelial cells. Physiol Heart Circ Physiol 
297: 13-20. 

5.  Baur J (2010) Biochemical effects of SIRT1 activators. Biochim Biophys Acta 1804: 1626-34. 

 

 

B4–03 Oxygen-consuming and ROS-producing activities in 

synaptosomes. 
Khalifa AR, Mokhtar A, Ali Sameh S  

Center Aging and Associated Diseases, Helmy Inst Medical Sc, Zewail City 

of Science and Technology, 6th of October City, Giza, Egypt. - 

ssali@ucsd.edu 
 

Although originally defined as harmful byproducts of aerobic metabolism, 

reactive oxygen species (ROS) are currently believed to play a critical role in downstream 

signaling, which regulates protein kinases, phosphatases, transcription factors and ion 

transport channels. However, mechanisms by which ROS is responsively produced, 

sensed and translated in cellular domains, especially neurons, remain elusive. Recently, 

NADPH oxidase (NOX), which is a multimeric enzyme that catalyzes the production of 

superoxide (O2
•) from O2 and NADPH and was originally identified in neutrophils as 

essential for the host response respiratory burst, has been shown to localize in the brain. 

The unexpected presence of NOX in neurons has led to the idea that NOX-induced ROS 

are important in non-host defense contexts; e.g. intracellular and intercellular redox 

signaling. In previous works, we showed that NOX is actively producing O2
• in the brain 

and might therefore be an important element that influences redox homeostasis in 

health, disease, and aging. Questions on specific connections between NOX activation 

and neuronal dysfunctions remain open for exploration by unconventional experimental 

approaches capable of probing the implications of in vivo NOX assembly and activation.  

Here, we studied oxygen-consuming, superoxide-producing NOX basal as well as 

induced activities in synaptosomes. Isolated synaptosomes (severed nerve terminals) are 

studied because they contain all necessary components of a functional neuronal 

environment including ion channels, receptors, and mitochondria. We demonstrate the 

ability of the OROBOROS Oxygraph-2k, in parallel with spin-trapping/labeling electron 

paramagnetic resonance (EPR) techniques, to study sources and dynamics of ROS in 

synaptosomes. To the best of our knowledge, this is the first time that the OROBOROS 

system has been employed to quantify NOX activity in synaptosomes.  
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B4-04 Simultaneous high-resolution measurement of 
mitochondrial respiration and hydrogen 

peroxide production. 
Krumschnabel Gerhard1, Fontana-Ayoub M1, Sumbalova Z1,2, 

Heidler J3, Gauper K3, Fasching M1, Gnaiger E1,3 
1OROBOROS INSTRUMENTS, Innsbruck, Austria; 2Present address: 

Pharmacobioch Lab 3rd Dept Intern Medicine, Comenius Univ, Bratislava, 

Medical Fac; 3D Swarovski Research Lab, Mitochondrial Physiol, Dept 

Visceral, Transplant Thoracic Surgery, Medical Univ Innsbruck. – 

gerhard.krumschnabel@oroboros.at 
 

Mitochondrial respiration is associated with the formation of reactive oxygen species, 

primarily in the form of superoxide (O2
•-) and particularly hydrogen peroxide (H2O2). 

Since H2O2 plays important roles in physiology and pathology, measurement of hydrogen 

peroxide has received considerable attention over many years. Here we describe how the 

well-established Amplex Red assay can be used to detect H2O2 production in combination 

with the simultaneous assessment of mitochondrial bioenergetics by high-resolution 

respirometry. Fundamental instrumental and methodological parameters were optimized 

for analysis of the effects of various substrate, uncoupler and inhibitor titrations (SUIT 

[1]) on respiration versus H2O2 production. The sensitivity of the H2O2 assay was strongly 

influenced by compounds present in different mitochondrial respiration media, which 

exerted significant effects on chemical background fluorescence changes. Near-linearity 

of the fluorescence signal was restricted to narrow ranges of accumulating resorufin 

concentrations independent of the nature of mitochondrial respiration media. Finally, we 

show an application example using mouse brain mitochondria as an experimental model 

for the simultaneous measurement of mitochondrial respiration and H2O2 production in 

SUIT protocols. 
Supported by K-Regio project MitoCom Tyrol. 

1.  Pesta D, Gnaiger E (2012) High-resolution respirometry. OXPHOS protocols for human cells and 
permeabilized fibres from small biopisies of human muscle. Methods Mol Biol 810: 25-58. 

 

 

B4–05 Mitochondrial inefficiencies and anoxic ATP 
hydrolysis capacities in diabetic rat heart. 
Pham T1, Loiselle D2,3, Power A1, Hickey Anthony J1 

1School Biol Sc Univ Auckland; 2Fac Medical Health Sc; 3Auckland 

Bioengineering Inst, Univ Auckland; New Zealand. - 

a.hickey@auckland.ac.nz 
 

As approximately 80% of diabetics die from heart failure, understanding 

  diabetic cardiomyopathy is crucial. Mitochondria occupy 35-40% of the 

mammalian cardiomyocyte volume, supply 95% of the hearts’ ATP, and diabetic heart 

mitochondria show impaired structure, arrangement and function. We predict that 

bioenergetic inefficiencies are present in diabetic heart mitochondria; therefore, we 

explored mitochondrial proton and electron handling by linking oxygen flux within 

streptozotocin (STZ)-induced-diabetic Sprague-Dawley rat heart tissues, to steady-state 

ATP synthesis, reactive oxygen species (ROS) production and mitochondrial membrane 

potential (ΔΨmt). By coupling high-resolution respirometers with purpose-built 

fluorometers, we followed Magnesium Green (ATP synthesis), Amplex Ultra Red (ROS 

production) and safranin-O (ΔΨmt). Relative to control rats, the tissue-mass specific 

respiration of STZ-diabetic hearts was depressed in oxidative phosphorylating (OXPHOS) 

states. Steady-state ATP synthesis capacity was almost a third lower in STZ-diabetic 

heart and relative to O2 flux, this equates to an estimated 12% depression in OXPHOS 

efficiency. However, with anoxic transition, STZ-diabetic and control heart tissues 

showed similar ATP hydrolysis capacities through reversal of the F1/F0 ATP synthase. STZ-

diabetic cardiac mitochondria also produced more net ROS, relative to oxygen flux 

(ROS/O) in the OXPHOS state. While ΔΨmt did not differ between groups, the time to 

develop ΔΨmt with the onset of OXPHOS was protracted in STZ-diabetic mitochondria. 

ROS/O is higher in life-like OXPHOS states, and potential delays in the time to develop 

mailto:gerhard.krumschnabel@oroboros.at
mailto:a.hickey@auckland.ac.nz
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ΔΨmt may delay ATP synthesis with inter-beat fluctuations in ADP concentrations. 

Whereas diabetic cardiac mitochondria produce less ATP in normoxia, they consume as 

much ATP in anoxic infarct-like states. 

 

Figure 1. ATP production 

capacities (mg-1) of 

diabetic (black) and age 

matched control hearts 

(open). (a) Simultaneous 

measurement of 

mitochondrial O2 flux (not 

shown) and ATP 

production. Respiratory 

flux was followed in the 

presence of oxygen and a 

CI&II-linked substrate 

combination (inset a, 

GMP: glutamate, malate 

and pyruvate, S: 

succinate), and then 

Mg2+-free ADP was added 

to initiate ATP synthesis 

(OXPHOS). Respiration 

was allowed to run into 

anoxia after which 

oligomycin (Omy) was 

added and the 

background ATP 

hydrolysis signal subtracted as background. (b) ATP production per mass of tissue 

(pmol∙s-1∙mg-1) in normoxia and anoxia. (c) The active or steady-state ~P/O ratio was 

then determined from the rate of ATP synthesised relative to the flux of molecular O in 

OXPHOS. (*P<0.05, **P<0.01, ***P<0.005, N=12 per group 8-week diabetic rat hearts 

and their age-matched controls). 

 

 

B4–06 The relationship between cytochrome redox 
state and oxygen consumption in isolated 

mouse and beef heart mitochondria during 
hypoxia. 
Harrison David K1,2, Fasching M1, Fontana-Ayoub M1, Gnaiger 

E1,3 
1OROBOROS INSTRUMENTS, Innsbruck, Austria; 2Microvascular 

Measurements, St Lorenzen, Italy; 3D Swarowski Research Lab, Dept 

Visceral Transplant and Thoracic Surgery, Medical Univ Innsbruck, Austria. 

- harrison.david.k@gmail.com 
 

This study describes a low-noise, rapid spectrophotometric system using visible light 

(440-605 nm) for the measurement of cytochrome redox state combined with high-

resolution respirometry. The system was tested in an investigation using beef and mouse 

heart isolated mitochondria (BHImt, MHImt) in order to determine the relationship 

between respiratory rate and cytochrome redox state at steady-state levels of hypoxia. 

Monophasic hyperbolic relations were observed between respiratory rate, j (OXPHOS with 

glutamate and malate and saturating ADP concentrations), and oxygen partial pressure, 

pO2
, in the range <1.1 kPa for both BHImt and MHImt with p50,j (pO2

 at j=0.5 Jmax) of 

0.015 and 0.021 kPa, respectively [1]. The oxidation fractions of cytochromes aa3 and c 

were biphasic hyperbolic functions of pO2
. The relationships between cytochrome 

oxidation states and j were more complex with an initial steep decrease in the oxidation 

fraction of cytochrome c to a value of j of approximately 0.7 followed by a plateaux and a 
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further steep decrease at j<0.2 (Figure 1). This relationship was less apparent with 

cytochrome b redox state. Using these functions, it was possible to create a model that 

successfully described the measured relationship between cytochrome oxidation state 

and oxygen consumption. 
 

Figure 1. Cyto-

chrome aa3 

oxidation (Ox, 

calculated as a 

biphasic hyperbolic 

fit; grey full line) 

and respiratory rate 

(jO2, monophasic 

hyperbolic; black 

full line) as a 

function of pO2. 

Superimposed is 

Oxcalc in relation to 

jO2 (dotted line). 

The cross-over 

between respiration 

and redox state 

occurred at Oxcalc 

(=jO2) near 0.9 and 

separates mild from 

severe hypoxia at the level of the mitochondria (dashed arrows). A ‘cushioning effect’ is 

seen at the onset of mild hypoxia. In the region of severe hypoxia redox state is 

maintained at relatively constant levels despite a severe decline in oxygen flux. Deep 

hypoxia is marked by the steep decline of redox state when flux declines from 0.2 to zero 

in the narrow oxygen range of 0.003 to zero kPa. 

 
 Supported by K-Regio project MitoCom. 
1. Scandurra FM, Gnaiger E (2010) Cell respiration under hypoxia: facts and artefacts in mitochondrial oxygen 

kinetics. Adv Exp Med Biol 662: 7-25. 
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C1-01 Manifestation of mitochondrial disorders of 

nuclear origin in lymphocytes. 
Pecina Petr1, Houšťková H2, Mráček T1, Pecinová A1, Nůsková 

H1, Tesařová M3, Hansíková H3, Janota J4, Zeman J3, Houštěk J1 
1Dept Bioenergetics, Inst Physiol, Acad Sc Czech Republic; 2Dept Pediatrics 

Adolescent Medicine; 3Clinic Pediatrics Adolescent Medicine, General Univ 
Hospital Prague;  4Dept Neonatology, Thomayer Hospital; Prague, Czech 

Republic. - petr.pecina@biomed.cas.cz 
 

Mitochondrial diseases belong to most severe inherited metabolic diseases affecting the 

pediatric population. Diagnostics of a substantial part of mitochondrial diseases with 

unknown genetic cause relies on clinical symptoms and biochemical analysis of energetic 

function and content of individual mitochondrial proteins in patient tissues – mainly in 

bioptic samples of skeletal muscle and cell cultures of skin fibroblasts. However, due to 

their invasive nature, the biopsies are often refused by the patient’s parents. Therefore, 

we tested the diagnostic suitability of easily obtainable patient material – lymphocytes 

isolated from peripheral blood. 

High-resolution respirometry enables sensitive analysis of the mitochondrial oxidative 

phosphorylation system in isolated lymphocytes. Substrate-inhibitor measurements in 

digitonin-permeabilized lymphocytes provide a complex evaluation of individual 

respiratory complexes, coupled ATP synthesis and kinetic parameters of mitochondrial 

respiratory enzymes. We employed this approach in a large cohort of 48 children 

including mostly subjects with suspected mitochondrial disease, previously diagnosed 

patients with OXPHOS disorders, and controls. In combination with cytofluorometric 

detection of mitochondrial membrane potential and protein analysis by SDS and native 

electrophoreses, it was possible to diagnose specific defects of Complexes I, IV and V 

using small amounts of peripheral blood within 1-2 days. Importantly, functional 

manifestations of mitochondrial disorders caused by SURF1 [1] and TMEM70 [2] 

mutations in lymphocytes recapitulate previous findings in fibroblasts. Moreover, in 

contrast to cultured fibroblasts Complex IV deficiency was also manifested in 

lymphocytes harbouring SCO2 mutations. 

The noninvasiveness, reliability and speed of such an approach demonstrate the high 

potential of isolated lymphocytes for diagnostics of oxidative phosphorylation disorders of 

nuclear origin in patients with suspected mitochondrial disease. 
 

1. Pecina P, Houstková H, Hansíková H, Zeman J, Houstek J (2004) Genetic defects of cytochrome c oxidase 
assembly. Physiol Res 53: 213-23. 

2. Cizkova, A, Stranecky V, Mayr JA, Tesarova M, Havlickova V, Paul J, Ivanek R, Kuss AW, Hansikova H, 
Kaplanova V, Vrbacky M, Hartmannova H, Noskova L, Honzik T, Drahota Z, Magner M, Hejzlarova K, Sperl 
W, Zeman J, Houstek J, Kmoch S (2008) TMEM70 mutations cause isolated ATP synthase deficiency and 
neonatal mitochondrial encephalocardiomyopathy. Nat Genet 40: 1288-90. 

 

 

C1–02 Validation of oxygen consumption 

measurements in muscle and fibroblasts from 
patients with mitochondrial diseases. 
Hahn Dagmar, Nuoffer JM 

Dept Clin Chem, Inselspital, Bern, Switzerland. – dagmar.hahn@insel.ch 
 

  Diagnosis of mitochondrial disorders is mainly based on the analysis of 

  OXPHOS complexes in muscle biopsies. However, normal enzyme activities 

do not rule out the presence of a mitochondrial disorder. Therefore, analysis of the 

integrated mitochondrial energy generating system by oxygen consumption is frequently 

used. 

CC11  Blood cells and cultured cells as models 

for diagnosis of mitochondrial pathologies 
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 We compared the diagnostic value of respiratory versus enzymatic OXPHOS analysis in 

fibroblasts and muscle biopsies from patients with a genetically confirmed mitochondrial 

disease. A standardized substrate-uncoupler-inhibitor-titration (SUIT) protocol [1,2] was 

used for measuring respiration of permeabilized fibroblasts and single muscle fibers. 

OXPHOS enzyme activities were determined spectrophotometrically according to 

standard protocols. 

 Only the combination of both measurements enables us to identify a mitochondrial 

disorder in all of the present patients:  
 

 

Moreover, specific flux control ratios showed higher diagnostic sensitivity than complex 

specific O2 fluxes.  

 The established SUIT protocol is an important tool in the diagnostic process. 

Therefore, we recommend oxygen consumption measurements in addition to enzymatic 

OXPHOS analysis, to increase the number of identified patients.  
 

1.  Hirsch A, Hahn D, Kempna P, Hofer G, Mullis P, Nuoffer JM, Flück CE (2012) Role of AMP-activated protein 
kinase on steroid hormone biosynthesis in adrenal NCI-H295R cells. PLoS ONE 7: e30956.  

2.  Jackson CB, Nuoffer JM, Hahn D, Prokisch H, Haberberger B, Gautsch M, Häberli A, Gallati S, Schaller A 
(2014) Mutations in SDHD lead to autosomal recessive encephalomyopathy and isolated mitochondrial 
Complex II deficiency. J Med Genet 51: 170-5. 

 

 

C1–03 Adaptation to nutrient availability in human 

fibroblasts with mitochondrial dysfunction: the 
role of sirtuins. 
Eggimann Sandra1,2, Gautschi M1,2, Hahn D1,2, Häberli A1,2, 

Nuoffer JM1,2 
1Univ Inst Clinical Chem; 2Interdisciplinary Metabolic Team; Bern Univ 

Hospital; Switzerland. - sandra.eggimann@insel.ch 
 

Defects in the mitochondrial oxidative phosphorylation system (OXPHOS) lead to an 

extremely heterogeneous group of disorders with an incidence of ≈1 in 5,000 live births 

[1]. Diagnosis of mitochondrial disorders is still challenging and requires extensive clinical 

and laboratory evaluation. One screening test for detection of defects in the OXPHOS is 

the incubation of primary patient fibroblasts cell lines (FBs) in galactose based medium, 

where some FBs with OXPHOS defects fail to survive [2,3]. The adaptation to galactose 

medium in FBs is not well understood. It is hypothesized that metabolic sensors may play 

a role in this process. The sirtuins seem to fulfil the role of metabolic sensors during 

conditions of caloric restriction or change from glucose to galactose based medium [4,5]. 

Sirtuins are a family of NAD+-dependent protein deacetylases (SIRT1 - SIRT7). SIRT1 is 

located in the nucleus/cytoplasm, whereas SIRT 3 - 5 are mainly located in the 

mitochondria. SIRT1 and SIRT3 are deacetylases, in contrast to SIRT4 (ADP-

ribosyltransferase activity) and SIRT5 (demalonylase, desuccinylase and weak 

deacetylase activity) [6]. 

For this study six FBs were selected (one control and five with a mitochondrial defect). 

The basis for the experiments was a 20 h incubation time in galactose based medium 

and, as control, an incubation in glucose medium. After 20 h the change in the 

expression level of acetylated proteins, as well as the expression level of SIRT1 and 

SIRT3 - 5, in the mitochondrial and cytosolic fraction was analyzed by Western Blot. The 

process of adaptation to galactose and the role of glutamine was further investigated 

with an XF24 extracellular flux analyzer (Seahorse Bioscience) measuring cellular oxygen 

consumption rates (OCR) and extracellular acidification rates (ECAR; an indirect estimate 

of glycolysis). 

We observed a general decrease of acetylated proteins in the mitochondrial fraction in 

all cell lines after incubation in galactose. The extent of this decrease could not be 

Fibroblasts Positives Negatives Total Muscle Positives Negatives Total 

Enzyme activity 

measurements 

11 4 15  6 0 6 

Oxygen 

consumption 

14 1 15  5 1 6 
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correlated with respiratory defects. Because SIRT3 is the main-deacetylase in 

mitochondria, we suspected this deacetylation process to be the result of a higher SIRT3 

activity in galactose [4,7]. This could be either because of an altered SIRT3 expression at 

the protein level, which was not the case in these experiments, or an altered SIRT3 

activity due to a changed mitochondrial NAD+ concentration, which would require further 

testing.  

Mitochondrial SIRT4 was decreased at the protein level in all FB after galactose 

incubation. This uniform down-regulation suggests that SIRT4 is involved in the adaption 

to galactose, unaffected by respiratory function. Under standard conditions, the FBs of all 

patients with an OXPHOS defect had a decreased cytosolic expression of SIRT1, SIRT3 

and SIRT5 compared to the control. In glucose (+Gln), OCR differed in the FBs, whereas 

the control FBs and a Complex I deficient FB had the highest values. ECAR values were 

generally decreased in galactose medium in all FBs (± Gln). Two FBs with Complex I 

deficiency showed higher OCR in galactose than in glucose. This may reflect a 

compensatory increase in OXPHOS, induced by galactose. The OCR with glucose was 

dependent on glutamine in several FBs, whereas glutamine had no effect on OCR in 

galactose-based medium. 

 In conclusion: (1) all FBs show lower levels of acetylated proteins in mitochondria in 

galactose-based media. This deacetylation cannot be attributed to changing sirtuin 

expression; (2) the lower cytosolic SIRT1, 4 and 5 protein expression under normal 

conditions in fibroblasts with a mitochondrial defect needs to be further investigated as a 

potential marker; (3) in contrast to galactose-based medium, OCR was dependent on 

glutamine in glucose-based medium. 
 

1.  Haas RH, Parikh S, Falk MJ, Saneto RP, Wolf NI, Darin N (2007) Mitochondrial disease: a practical approach 
for primary care physicians pediatrics 120: 1326–33. 

2.  Smeitink JAM (2003) Mitochondrial disorders: clinical presentation and diagnostic dilemmas. J Inherit Metab 
Dis 26: 199–207. 

3.  Robinson BH, Petrova-Benedict R, Buncic JR, Wallace DC (1992) Nonviability of cells with oxidative defects 
in galactose medium: a screening test for affected patient fibroblasts. Biochem Med Metab Biol 48: 122–26.  

4.  He W, Newman JC, Wang MZ, Ho L, Verdin E (2012) Mitochondrial sirtuins: regulators of protein acylation 
and metabolism. Trends Endocrinol Metab 23: 467–76.  

5.  Shulga N, Wilson-Smith R, Pastorino JG (2010) Sirtuin-3 deacetylation of cyclophilin D induces dissociation 
of hexokinase II from the mitochondria. J Cell Sci 15: 894–902.  

6.  Nakagawa T, Guarente L (2011) Sirtuins at a glance. J Cell Sci 15: 833–38.  
7.  Bause AS, Haigis MC (2013) SIRT3 regulation of mitochondrial oxidative stress. Exp Gerontol 48: 634–39. 
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Li-Fraumeni Syndrome (LFS) and Li-Fraumeni-like Syndrome (LFL) are inherited 

disorders, associated to TP53 germline mutations and characterized by increased 

predisposition to multiple early-onset cancers [1]. Studies in families from Southern and 

Southeastern Brazil with LFS/LFL phenotype have identified a germline founder mutation 

in the TP53 gene, the p.R337H mutation (c.1010G>A), in a high population prevalence 

(~0.3%) [2]. Unlike the majority of the mutations in TP53, which are missense 

mutations located in the DNA-binding domain (DBD) of the protein (exons 5-8), the TP53 

p.R337H (c.1010G>A) is located in exon 10, corresponding to the oligomerization domain 

(OD). The p53 nuclear phosphoprotein is known for its functions in the DNA damage 

response and apoptosis. Recently, this protein has been shown to regulate many aspects 

mailto:ivibtt@gmail.com
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of energy metabolism as well as enzymes that are involved in cell responses to oxidative 

stress, manly through TIGAR activation [3]. 

In a previous work, we analyzed the levels of several markers of oxidative stress 

responses in blood samples of p.R337H mutation carries and non-carries. We observed 

oxidative damage in lipids and proteins. Moreover, there was increased erythrocyte GPx 

activity, as well as increased total antioxidant status in the p.R337H mutation carries [4]. 

Therefore, our study was able to establish the relationship of oxidative stress with the 

loss of function of p53.  

The aim of this work was to evaluate the association between TP53 germline 

mutations with deregulation of cell bioenergetics. For this purpose, we performed high-

resolution respirometry (HHR) of intact human fibroblast cells, derived from patients. 

Preliminary results showed a distinct pattern of HHR in different TP53 germline mutations 

genotypes. Fibroblasts from carriers of DBD mutations and wt/p.R337H showed higher 

ROUTINE, total and extramitochodrial respiration, as well as LEAK respiration, compared 

to p.R377H/p.R337H mutants and WT/WT cells. In agreement with HHR results, cells 

with DBD mutation showed increased ROS (reactive oxygen species) by DCF assay. On 

the other hand an unexpectedly high production was found of ROS by p.R377H/p.R337H. 

These data were correlated with antimetabolic drug sensitivity, mitochondrial membrane 

potential and cellular doubling time to better evaluate the potential role of these findings 

for the increased predisposition to multiple early-onset cancers presented by Li-Fraumeni 

patients. 
 

1.  Olivier M, Goldgar DE, Sodha N, Ohgaki H, Kleihues P, Hainaut P, Eeles RA (2003) LiFraumeni and related 
syndromes: correlation between tumor type, family structure, and TP53 genotype. Cancer Res 63: 6643–50. 

2.  Latronico AC, Pinto EM, Domenice S, Fragoso MC, Martin RM, Zerbini MC, Lucon AM, Mendonca BB (2001) 
An inherited mutation outside the highly conserved DNA-binding domain of the p53 tumor suppressor 
protein in children and adults with sporadic adrenocortical tumors. J Clin Endocrinol Metab 86: 4970–3. 

3.  Cantor JR, Sabatini DM ( 2012) Cancer cell metabolism: one hallmark, many faces. Cancer Discov 2: 881–
98.  

4.  Macedo GS, Lisbôa da Motta L, Giacomazzi J, Netto CB, Manfredini V, Vanzin CS, Vargas CR, Hainaut P, 
Klamt F, Ashton-Prolla P (2012) Increased oxidative damage in carriers of the germline. TP53 p.R337H 
mutation. PLoS One 7:e47010. 
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Ageing is frequently associated with sarcopenia, which has been attributed to low grade 

inflammation, suppressed regenerative potential of muscle precursor cells and 

homeostatic changes in the niches of satellite cells of old persons [1,2]. The aim of this 

study was to investigate mitochondrial function in primary cell cultures, derived from 

biopsies taken from young and old individuals. 

Primary muscle cell culture myoblasts, obtained from biopsies of vastus lateralis in 

young (19-29 y) and old (70-80 y) subjects, were purified with CD56 antibody 

microbeads on MACS and cultured in the presence of HGF. The cultures were stimulated 

with differentiation media supplement, insulin-transferrin-sodium selenite (ITS), for 6 

days with one of cytokines IL1, IL6 or TNF-α. The function of respiratory complexes 

(OXPHOS) was assessed by high-resolution respirometry. 

The myoblasts cultivated from old individuals differentiated into myotubes markedly 

slower than myoblasts from young individuals in ITS medium (P<0.0001). The effect of 

IL-6 depended on donor age, as its effect on myoblast differentiation decreased with age. 

Treatment of human myoblasts with TNF-α and IL-1β increased the proliferation and 

blocked differentiation in the presence of ITS. The inhibitory effect of TNF-α and IL-1β on 

myotubes formation was mediated by down-regulation of mRNA levels of myogenin and 

muscle-specific isoforms of CK (CKM and CKMT2). The data on mitochondrial respiration 

revealed that IL-1β caused a significant decrease in mitochondrial Complex I- and II-

linked respiration, normalized on cell protein content both in the myotubes of old and 
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young individuals. This action of IL1-β was not seen when the respiratory results were 

normalized on citrate synthase activity, revealing the role of a decrease in mitochondrial 

content in these cells. TNF-α, on the contrary, caused a significant increase in 

mitochondrial Complex I- and II-linked respiration, normalized on protein in myotubes of 

old and young subjects. This action of TNF-α remained significant when respiration was 

normalized on citrate synthase activity. The mode of action of these pro-inflammatory 

cytokines on OXPHOS of muscle cell cultures was the same in both groups, young and old 

persons. 

Our data suggest that the myoblasts cultivated from biopsies of old individuals 

differentiate into myotubes slower than those from young individuals. The actions of pro-

inflammatory cytokines on OXPHOS level of these cell cultures are different: IL-1β 

decreased, TNF-α stimulated but IL-6 exerted no alteration on OXPHOS activity, both in 

old or young individuals. The OXPHOS capacity in myogenic cell culture depends more on 

the mode of action of cytokine than the donor’s age. 
 Supported by EU-MYOAGE project FP7 223576 and grants of Estonian Science Foundation 7823 and 8736. 
1.  Cevenini E, Monti D, Franceschi C (2013) Inflamm-ageing. Curr Opin Clin Nutr Metab Care 16: 14-20. 
2.  Beccafico S, Puglielli C, Pietrangelo T, Bellomo R, Fano G, Fulle S (2007) Age-dependent effects on 

functional aspects in human satellite cells. Ann NY Acad Sci 1100: 345-52. 
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Microglial cells play a key role in the pathomechanism of neurodegenerative disorders. 

These cells can enter metabolically different compartments in the CNS. We investigated, 

which of the compounds available in the extracellular space can serve as metabolic fuels 

for these cells. 

 Cellular oxygen consumption was measured with the OROBOROS Oxygraph-2k, and 

extracellular acidification rate (ECAR) was measured on primary microglia and on the BV-

2 microglial cell-line with the Seahorse Extracellular Flux Analyzer. ECAR was considered 

a parameter of glycolytic activity. Cells were incubated in Artificial Cerebrospinal Fluid 

(ACSF) supplemented with substrates available to the cells in the CSF: glutamine, 

glucose, lactate, keton bodies or pyruvate. ATP and ADP levels were measured using a 

luciferin/luciferase bioluminescent method. Viability was detected with annexin/calcein 

fluorescent staining and MTT spectrophotometric assay. 

All of the substrates applied supported the metabolism of the cells and none of them 

influenced their viability negatively. In the presence of glutamine and pyruvate ROUTINE 

respiration was increased; furthermore, glutamine increased the scope of uncoupler-

stimulated respiration above ROUTINE activity levels of the cells. However, in the 

presence of glucose, the respiration was decreased and the ECAR raised, indicating that 

glucose, added to microglial cells, stimulated glycolysis but inhibited oxidative 

metabolism (Crabtree effect). Addition of a lactate dehydrogenase inhibitor after glucose 

reversed this effect. In the presence of glucose, adding a mitochondrial fatty acid 

transporter inhibitor further increased the ECAR. 

We conclude that microglial cells show high metabolic plasticity and use a wide range 

of substrates. Interpreting the ECAR results, we claim that these cells show high 

glycolytic capacity. Furthermore, we found that, besides glucose, glutamine was the most 

preferred substrate for microglial cells. 
 Supported by OTKA (NK 81983), TAMOP (4.2.2./B-09/1), MTA (MTA TKI 2013), Hungarian Brain Research 

Program (KTIA_13_NAP-A-III/6). 
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Brain inflammation may contribute to neuronal loss in infectious,  

  ischemic, traumatic and neurodegenerative brain pathologies. We and 

others have shown that: a) brain inflammation induces the expression in microglia and 

astrocytes of inducible nitric oxide synthase (iNOS), which produces high levels of NO, b) 

NO derivatives peroxynitrite and S-nitrosothiols inactivate mitochondrial Complex I, 

resulting in a stimulation of oxidant production by mitochondria, c) oxidant production by 

microglia contributes to their inflammatory activation, and d) activated microglia can 

cause neuronal loss by eating them alive [1-4]. Thus, we were interested in whether 

activated microglia may inhibit their mitochondrial Complex I, resulting in sustained 

activation and phagocytosis of live neurons. 

There is evidence that in Parkinson’s disease and general brain aging mitochondrial 

Complex I is inhibited in affected parts of the brain. Rotenone is an environmental toxin 

and Complex I inhibitor that can cause activation of microglia and a Parkinson’s like 

pathology in rodents. We, therefore, tested whether it could cause microglia to 

phagocytose live neurons. 

We found that low nanomolar levels of rotenone could indeed activate microglial 

phagocytosis and cause neurons to phagocytose co-cultured neurons [5]. Removal of 

microglia or inhibition of phagocytic signalling prevented rotenone-induced neuronal loss, 

leaving viable neurons [5]. 

Low levels of brain inflammation during ageing may cause partial inhibition of Complex 

I, resulting in oxidant production which sustains inflammation, and induces microglia to 

phagocytose synapses and cell bodies of live neurons. This process may be exacerbated 

in Parkinson’s disease and prevented by blocking inflammation or phagocytic signalling. 
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1757: 562-6. 
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(2013) Phagocytosis executes delayed neuronal death after focal 
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Cytochrome c is a small soluble protein which has two main functions: 

  transfer of electrons within the mitochondrial respiratory system and 

formation of apoptosomes when released into cytosol. Under normal conditions, the outer 

mitochondrial (mt) membrane is not permeable to cytochrome c. Therefore, stimulation 

of mitochondrial respiration by exogenous cytochrome c is widely used as a test for outer 

mt-membrane damage.  

Using this test, we and others have shown that heart ischemia causes rapid 

permeabilization of the outer mt-membrane, resulting in loss of cytochrome c from 

mitochondria and subsequent inhibition of mitochondrial respiration. In contrast, addition 

of exogenous cytochrome c to mitochondria isolated from ischemia-damaged brains does 

not stimulate mitochondrial respiration, suggesting that during brain ischemia the outer 

mt-membrane remains intact. We also found that in the presence of certain polyphenolic 

plant compounds (anthocyanins), addition of cytochrome c to isolated mitochondria 

results in acute stimulation of mitochondrial respiration. This effect is not linked to the 

permeabilization of the outer mt-membrane, as these anthocyanins can directly reduce 

cytochrome c, thus facilitating electron transfer to cytochrome c oxidase.  

Certain anthocyanins, such as delphinidin-3-O-glucoside or cyaniding-3-O-glucoside, 

can serve as electron acceptors at Complex I of the mitochondrial respiratory system 

and, therefore, in pathological conditions related to inhibition of Complex I, facilitate an 

alternative electron transfer from Complex I to cytochrome c and cytochrome c oxidase.  
 Supported by European Social Fund under the Global grant measure; project VP1-3.1-SMM-07-K-01-130. 
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Lactate serves as an important metabolic intermediate for many tissues 

including skeletal and cardiac muscles, liver and brain. It is thought that a primary 

purpose of cytosolic lactate production from pyruvate by lactate dehydrogenase (LDH) is 

to regenerate NAD+ for continued glycolytic ATP production [1]. Considered in isolation, 

the NAD+ recycling afforded by cytosolic lactate production does not reconcile with the 

traditional view of aerobic glycolysis in which pyruvate, generated by glycolysis, enters 

the mitochondria directly for subsequent oxidation in the TCA cycle. The intracellular 

lactate shuttle hypothesis posits that lactate, generated in the cytosol, is oxidized by 

mitochondrial LDH of the same cell [2]. The details of the shuttle, however, are not 

entirely clear.  

Evidence is presented which supports that in skeletal muscle, extra-matrix LDH is 

strategically positioned within the cell to functionally interact with mitochondria [3]. A 

model incorporating mitochondrial lactate oxidation makes sense of aerobic glycolysis by 

permitting, among other things, cytosolic NAD+ regeneration, locally. However, 

experimental support requires attention to methodological detail. Important experimental 

conditions for assessing mitochondrial lactate oxidation in permeabilized fibers are 

CC22  Integrity of mitochondrial preparations 
and experimental quality control 

mailto:Vilmante.borutaite@lsmuni.lt


  63 

 

Mitochondrial Physiology – MiP2014 www.mitophysiology.org 

discussed. Proper malate concentration [4] is necessary for robust NAD+-dependent 

lactate oxidation, suggesting that a functional malate-aspartate shuttle is essential to the 

assay. The cytochrome c test, a convenient means of confirming the integrity of the 

mitochondrial outer membrane [5], may not accurately reflect the integrity of 

mitochondrial preparations when assessing lactate oxidation. Indeed, parallel 

experiments in high-resolution respirometry reveal that in permeabilized rat skeletal 

muscle fibers, exogenous cytochrome c stimulates respiration with lactate but not with 

pyruvate as substrate. 

These findings highlight the importance of optimizing seemingly trivial experimental 

variables.  
 

1.  Voet D, Voet JG, Pratt CW (2012) Fundamentals of Biochemistry. 4th ed John Wiley & Sons. 
2.  Brooks GA (1998) Mammalian fuel utilization during sustained exercise. Comp Biochem Phys B 120: 89-107. 
3.  Elustondo PA, White AE, Hughes ME, Brebner K, Pavlov E, Kane DA (2013) Physical and functional 

association of lactate dehydrogenase (LDH) with skeletal muscle mitochondria. J Biol Chem 288: 25309-17. 
4.  Sumbalova Z, Vancova O, Krumschnabel G, Gnaiger E (2014) Optimization of malate concentration for high-

resolution respirometry: mitochondria from rat liver and brain. In: Mitochondrial Physiology MiP2014. 
Mitochondr Physiol Network 19.13. 

5.  Kuznetsov AV, Schneeberger S, Seiler R, Brandacher G, Mark W, Steurer W, Saks V, Usson Y, Margreiter R, 
Gnaiger E (2004) Mitochondrial defects and heterogeneous cytochrome c release after cardiac cold ischemia 
and reperfusion. Am J Physiol Heart Circ Physiol 286: H1633–41. 
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Mitochondrial (mt) preparations (isolated mitochondria, permeabilized cells and tissues, 

tissue homogenates) provide a fundamental basis for comprehensive OXPHOS analysis 

for the study of substrate and coupling control of mitochondrial respiration [1]. Plasma 

membrane permeabilization with mechanical separation of muscle fibre bundles and 

chemical permeabilization with mild detergents may influence the integrity of the outer 

mt-membrane and thus induce partial release of cytochrome c (c). In mitochondria 

isolated from healthy skeletal muscle, CI&II-linked OXPHOS capacity decreases linearly 

with cytochrome c loss during isolation [2]. The cytochrome c effect is expressed as the 

flux control factor FCFc, which is the increase of OXPHOS capacity after addition of 10 µM 

c normalized for c-stimulated respiration [1-3]. There is no consensus as to the threshold 

of FCFc applied as a quantitative exclusion criterion in permeabilized fibres obtained from 

healthy muscle tissue. 

We aimed at establishing a reference method for the application of a cytochrome c 

threshold as exclusion criterion in mitochondrial OXPHOS analyses. Our study involved 

Alaskan sled dogs (N=6) studied 72 to 120 h after finishing a competitive 1,000 mile race 

in nine days. Permeabilized fibres (wet weight per chamber of 0.81-1.28 mg ± 0.12 SD) 

were prepared from needle biopsies and immediately studied by high-resolution 

respirometry [4] using 12 chambers in parallel (OROBOROS Oxygraph-2k). Compared to 

human skeletal muscle fibres, the canine samples were more trexturally supple and 

sticky, requiring delicate fiber separation under light microscope, and disintegrating to 

various degrees during substrate-uncoupler-inhibitor titration (SUIT) protocols. This was 

reflected in variable and sometimes extremely high cytochrome c effects. However, there 

was no loss of CI- or CI&II-linked OXPHOS and ETS capacity with increasing FCFc  (Figure 

1). 
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Figure 1. Independence of O2 

flux (ETS capacity in the 

presence of cytochrome c) of the 

cytochrome c control factor, 
  

FCFc = (JCHOc-JCHO)/JCHOc 
 

ETS capacity was 238±64 

pmol∙s-1∙mg-1 Ww independent of 

the CHO substrate combination 

supporting CI&II-linked electron 

flow in the presence or absence 

of 0.2 mM octanoyl carnitine 

(FAO). 

 

 Apparently, the damage caused by mt-preparation even in cases with FCFc up to 0.25 

could be rescued by addition of 10 µM c and thus restore capacities comparable with 

samples of negligible FCFc. In contrast, multiple defects associated with increasing FCFc in 

human muscle fibres cannot be compensated fully by addition of cytochrome c [2,5]. 

Cytochrome c was applied early in the two SUIT protocols, in the CI-linked or CI&FAO-

linked OXPHOS state. This allowed consistent analysis of subsequent respiratory states 

which were all supported by the externally added cytochrome c (Figure 1). 

 OXPHOS and ETS capacities with FAO- and CI&II-linked substrates were higher than in 

muscle from competitive horses and humans [5,6]. The present approach (Figure 1) 

allows evaluation of the FCFc threshold as a potential exclusion criterion in healthy 

controls. 
 Supported by K-Regio project MitoCom Tyrol. 
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The cause and effect relationship between mitochondrial dysfunction and insulin 

resistance (IR) is still under debate. It appears that lipid accumulation is the principal 

cause of IR, while the mechanisms leading to fat accumulation in skeletal muscle are not 

clear yet [4]. The reduced mitochondrial content, β-oxidation impairment or fat overload 

could contribute to the lipid imbalance in the obese population [1,2,4]. Furthermore, 

evidence has been provided for metabolic alterations in the skeletal muscle of insulin 

resistant non-obese patients. In particular, in vivo ATP synthesis in the skeletal muscle of 

young, lean, insulin resistant offspring of type 2 diabetes mellitus (T2DM) patients was 

30% lower than that in control subjects [5]. Both T2DM and physical inactivity cause 

functional adaptations in skeletal muscle, in which IR is reflected in higher ratios of 
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glycolytic to oxidative capacities [7]. Thus, a study on fructose-induced insulin resistant 

rats revealed differences in energy metabolism between oxidative and glycolytic fibers; 

mitochondrial function is preserved in oxidative fibers (e.g. Type I) whereas β-oxidation 

is impaired in glycolytic fibers (e.g. Type II) [8]. 

We used a spontaneous non-obese model of T2DM, the Goto Kakizaki (GK) rat, to 

study the relationship between IR and mitochondrial bioenergetics. Age-matched (18 

weeks) Wistar (W) rats were used as control. We investigated skeletal muscle 

mitochondrial bioenergetics using permeabilized fibers of soleus and white gastrocnemius 

muscle. The permeabilization and respirometric measurements of the fiber were 

performed on fresh muscle samples according to the previously developed protocol [3]. 

Mitochondria content was determined by citrate synthase (CS) and succinate 

dehydrogenase (SDH) activities [6].  

Respiration of soleus muscle fibers was similar in both W and GK rats for Complex I- 

and Complex II-linked substrates (Figure 1). In contrast, respiration of white 

gastrocnemius fibers was lower in GK rats than in W rats, in the presence of Complex II 

substrate (Succinate, S). In both fiber types respiration in the presence of Complex IV 

substrate was lower in GK rats than in W rats. In soleus muscle, CS and SDH activities of 

GK rats (CS: 42.5±3.6, SDH 3.5±0.4 mU∙mg-1) tended to be lower than in W rats (CS: 

46.3±1.9, SDH 4.3±0.4 mU∙mg-1, P<0.1). Similarly, in white gastrocnemius muscle, CS 

and SDH activities of GK rats (CS: 14.2±0.6, SDH 0.9±0.2 mU∙mg-1) were lower than 

those in W rats (CS: 17±1.9, SDH 1.3±0.3 mU∙mg-1, P<0.05).  

Our results indicate that in absence of obesity, insulin resistance in skeletal muscle is 

related to a reduced mitochondrial content in both fibers types and to metabolic 

alterations only in type II fibers. Further studies are needed to investigate the 

relationship between IR and mitochondria biogenesis as well as the fibers contribution to 

substrate utilization during the progression of T2DM. 
 

   
Figure 1. Oxygen consumption rates in permeabilized soleus and white gastrocnemius 

muscles of W and GK rats (*P<0.05).  
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The subsarcolemmal (SSM) and interfibrillar (IFM) mitochondria in cardiac and skeletal 

muscle exhibit distinct biochemical and structural properties affecting energy metabolism 

in health and disease states. The method of isotating mitochondria affects the quality and 

quantity of the SSM and IFM [1] separated by subcellular fractionation techniques. 

Previous rat skeletal muscle studies reported lower yield and respiratory control ratios 

(RCR) of isolated SSM and IFM [2,3] than those isolated from heart [4]. In these animal 

studies the functional and structural properties of the mitochondrial subpopulations were 

not comprehensively investigated. A more recent dog skeletal muscle study [5] used a 

new isolation protocol for SSM and IFM in which RCR was higher than in rats; the 

mitochondrial yield was slightly increased only for the IFM population in comparison to 

the rat studies.  

 

Figure 1. Preparation and Separation of subsarcolemma (SSM) and interfibrillar (IFM) 

mitochondria. 
 

We modified our protocol, based on subcellular fractionation [5] to improve the 

isolation of SSM and IFM from rat skeletal muscle. Oxidative phosphorylation, enzymatic, 

and morphological assays were used to relate functional and structural properties of 

mitochondria. The major step of the isolation protocol includes skeletal muscle mincing, 

homogenization, enzymatic treatment and differential centrifugation (Figure 1). Neutral 

protease was used to disperse the myofibrils and facilitate the release of SSM during 

homogenization. The myofibrillar pellet was treated with trypsin and collgenase type II to 

extract the IFM population during homogenization.  
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The yields of SSM and IFM (3.5±0.5; 8.6±1.5 mg∙g-1) from rat skeletal muscle were 

higher than those previously obtained with rats [2,3] and dog skeletal muscle [5]. 

Mitochondrial respiration was measured in the presence of glutamate as substrate for 

SSM and IFM with sequential additions of ADP at non-saturating (0.2 mM; State 3) and 

saturating (2 mM; OXPHOS) concentrations, and of the uncoupler dinitrophenol (DNP; 

0.2 mM). State 3 (SSM 2.6±0.1; IFM 3.0±0.2 nmol∙s-1∙mg-1) and RCR  (SSM 19.6±4.2; 

IFM 18.8±4) were higher than those previously reported in rat skeletal muscle [2,3]. 

OXPHOS capacity at saturating ADP was 3.3±0.2 and 4.7±0.4 nmol∙s-1∙mg-1 for SSM and 

IFM, respectively. The electron transfer system capacity measured after uncoupling with 

DNP was 3.7±0.3 and 5.0±0.5 nmol∙s-1∙mg-1 for SSM and IFM, respectively. Citrate 

synthase and succinate dehydrogenase activities were measured to quantify the 

mitochondrial distribution in the subcellular fractions. Integrated mitochondrial function, 

measured as oxidative phosphorylation, was used with different substrates to probe 

oxidation and phosphorylation systems. The activity of respiratory enzyme complexes 

was measured to quantify the biochemical capacity of ETS components [5]. Electron 

microscopy images of the subpopulations of mitochondria confirmed that the procedure 

preserved the structure of SSM and IFM.  

The improved method allowed isolation of high quality subpopulations of skeletal 

muscle mitochondria, comparable to those from heart [3]. This is a valuable approach to 

study the relationship between function and structure of skeletal muscle mitochondria in 

disease conditions. 
 

1.  Picard M, White K, Turnbull DM (2013) Mitochondrial morphology, topology, and membrane interactions in 
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2.  Cogswell AM, Stevens RJ, Hood DA (1993) Properties of skeletal muscle mitochondria isolated from 
subsarcolemmal and intermyofibrillar regions. Am J Physiol Cell Physiol 264: C383-9.  

3.  Krieger DA, Tate CA, Millin-Wood J, Booth FW (1980) Populations of rat skeletal muscle mitochondria after 
exercise and immobilization. J Appl Physiol 48: 23–8.  

4.  Palmer JW, Tandler B, Hoppel CL (1977) Biochemical properties of subsarcolemmal and interfibrillar 
mitochondria isolated from rat cardiac muscle. J Biol Chem 252: 8731–9.  

5.  Rosca MG, Okere IA, Sharma N, Stanley WC, Recchia FA, Hoppel CL (2009) Altered expression of the 
adenine nucleotide translocase isoforms and decreased ATP synthase activity in skeletal muscle 
mitochondria in heart failure. J Mol Cell Cardiol 46: 927–35. 
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Although the renaissance of functional mitochondrial studies targets many tissues and 

organs, small intestinal mitochondria are less frequently examined. Nevertheless, the 

integrity of small intestinal mucosa is potentially threatened in various local and systemic 

pathologies, such as ischemia-reperfusion, septic shock or inflammatory bowel diseases. 

Mitochondrial dysfunction is critically involved in the pathomechanism of these diseases. 

Furthermore, timely restitution of adequate mitochondrial function can be a key step 

towards potentially effective therapeutic strategies. 

Our goal was to provide firm experimental data for functional mitochondrial 

investigations, and as a first step, we aimed to test and validate the available methods 

used for isolation of small intestinal mitochondria in rodents [1,2]. Whole thickness small 

intestinal mucosal samples of rats and guinea pigs were used, and mitochondria were 

isolated according to published protocols using chelating agents and differential 

centrifugation. The assessment of the functional state of isolated mitochondria was 

performed by means of high-resolution respirometry (OROBOROS Oxygraph-2k). The 

integrity of the outer mt-membrane was tested with cytochrome c addition and 

photometric assay for mitochondrial swelling, while membrane potential changes were 

monitored by safranin fluorescence measurements. 
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In case of rat samples, low respiratory control rates and extremely high cytochrome c 

responses were found, and swelling of mitochondria indicated serious damage of the 

outer mt-membrane. In contrast, guinea pig mitochondria were presented with good 

respiratory control, low cytochrome c response and baseline swelling parameters. 

Based on high-resolution respirometry we conclude that using the accessible, 

published methodologies, only functionally impaired mitochondria can be isolated from 

the rat. However, high quantities of intact and well coupled mitochondria can be obtained 

from the guinea pig. These mitochondria are suitable for further focused studies. Further 

methodological investigations, possible modifications or even new protocols are needed 

in order to clarify the cause of this significant interspecies difference. 
 Supported by grants OTKA K104656, TAMOP-4.2.2A-11/1-KONV-2012-0035, TAMOP-4.2.2A-11/1/KONV-
2012-0073, TAMOP-4.2.4.A/2-11/1-2012-0001 ‘National Excellence Program’. 
1.  Watford M, Lund P, Krebs HM (1979) Isolation and metabolic characteristics of rat and chicken enterocytes. 

Biochem J 178: 589-96. 
2.  Masola B, Evered DF (1984) Preparation of rat enterocyte mitochondria. Biochem J 218: 441-7. 
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Previous data provided evidence that isolated liver mitochondria from female rats present 

higher rates of resting (LEAK) and ADP-stimulated (OXPHOS) O2 consumption than from 

male ones [1]. Furthermore, estrogens are cytoprotective, drive mitochondrial biogenesis 

and may modulate mitochondrial calcium homeostasis in brain and heart in in vitro 

models [2,3]. It is unknown whether such gender dimorphism occurs for other 

mitochondrial functions or in other tissues. Therefore, we aimed to study whether 

mitochondrial respiration and mitochondrial calcium influx and efflux rates exhibit tissue-

specific gender dimorphism.  

Liver, skeletal muscle, heart and brain mitochondria were isolated from female and 

male Wistar rats by differential centrifugation. Mitochondrial respiratory states were 

evaluated by high-resolution respirometry. Mitochondrial calcium transport (ruthenium 

red-sensitive initial influx at 25 µM external free calcium and sodium-dependent, at 15 

mM sodium, and -independent efflux) was assessed by following external free calcium 

levels with the fluorescent probe CaGreen-5N under suitable conditions and in the 

presence of inhibitors of mitochondrial permeability transition. In isolated male 

mitochondria O2 fluxes (mean±SD nmol∙min-1∙mg-1) for OXPHOS and LEAK respectively, 

were: 37.6±9.8 and 8.6±2.6 in liver, 106.1±24.7 and 12.8±3.4 in skeletal muscle, 

137.1±42.1 and 25.9±4.7 in heart, and 31.1±8.2 and 4.8±1.3 in brain. Calcium influx 

and sodium-dependent efflux respectively, were (mean±SD nmol∙min-1∙mg-1): 

228.6±77.1 and 0.69±0.39 in liver, 56.12±20.5 and 3.31±0.67 in skeletal muscle, 

39.4±18.6 and 8.25±1.42 in heart, and 54.6±23.9 and 2.25±0.89 in brain from males. 

Among the assessed respiratory and calcium transport variables, the only statistically 

significant (P<0.05) difference between genders occurred for liver mitochondrial OXPHOS 

capacity, which was 15% higher in female than in male rats. 

We conclude that gender dimorphisms for the mitochondrial functions evaluated here 

is tissue-specific and is confined to higher maximal ADP-stimulated respiration in isolated 

liver mitochondria from female rats. 
 

1.  Justo R, Boada J, Frontera M, Oliver J, Bermúdez J, Gianotti M (2005) Gender dimorphism in rat liver 
mitochondrial oxidative metabolism and biogenesis. Am J Physiol Cell Physiol 289: 372-8. 

2.  Morkuniene R, Arandarcikaite O, Ivanoviene L, Borutaite V (2010) Estradiol-induced protection against 
ischemia-induced heart mitochondrial damage and caspase activation is mediated by protein kinase G. 
Biochim Biophys Acta 1797: 1012-7. 

3.  Nilsen J, Brinton RD (2003) Mechanism of estrogen-mediated neuroprotection: regulation of mitochondrial 
calcium and Bcl-2 expression. Proc Natl Acad Sci U S A 100: 2842-7.  
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Bendavia is a cytoprotective mitochondria-targeting peptide [1-4], currently being tested 

in the EMBRACE-STEMI trial for reducing injury during acute coronary syndromes. We 

previously showed that the cardioprotective effects of Bendavia involved improving 

cardiolipin-dependent mitochondrial membrane fluidity. As membrane fluidity influences 

the ability of proteins to assemble, we hypothesized that a consequence of augmented 

membrane fluidity would be higher expression of mitochondrial respiratory 

supercomplexes. 
 

Figure 1: Maintenance of mitochondrial 

supercomplexes after ischemia/reperfusion (I/R) with 

the mitochondria-targeting peptide Bendavia. 

 

Rat hearts (N=42) were subjected to ischemia-

reperfusion (I/R) with our without 1 nM Bendavia 

perfusion, beginning at the onset of reperfusion. Left 

ventricular tissue was split into one of two study 

arms: 1. Supercomplex expression using blue-native 

gel electrophoresis (BN-PAGE), or 2. High-resolution 

respirometry using permeabilized ventricular fibers. 

For BN-PAGE studies, respiratory supercomplex 

bands were decreased with I/R, and restored with 

Bendavia (Figure 1). High-resolution respirometry 

studies indicated suppressed Complex I-dependent 

respiration after I/R (208±19 v 42±9 pmol O2∙s
-1∙mg-1) in control v I/R, respectively; 

P<0.05. Complex II-dependent respiration was also lower (753±41 v 168±13 pmol∙s-

1∙mg-1 in control versus I/R; P<0.05). Perfusion with Bendavia during reperfusion 

significantly increased Complex I- (100±13 pmol O2∙s
-1 mg-1) and CII-dependent 

(334±63 pmol O2∙s
-1∙mg-1) respiration (P<0.05 versus untreated IR for both).  

Taken together, these data suggest that Bendavia’s protective mechanism of action 

involves preserving supercomplex-dependent mitochondrial function during cardiac 

reperfusion. 
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Triphenylphosphonium-conjugated imidazole-substituted oleic acid (TPP-

  IOA) is an inhibitor of cytochrome c peroxidase activity that appears to 

initiate apoptotic cell death via cytochrome c release. As a molecule that interacts directly 

with cytochrome c, TPP-IOA may also affect mitochondrial respiration. We are evaluating 

the dose-effect relationships of TPP-IOA’s interactions with mitochondria. 

Although original data came from cells maintained in glucose media in culture, the 

interpretation of these data is limited by the fact that under these conditions the cells 

derive little ATP from oxidative phosphorylation and have low mitochondrial densities.  

We are revisiting the effects of TPP-IOA on mitochondrial respiration and apoptotic cell 

death in glucose-free media, in which energy is derived from galactose and glutamine 

and cells are highly reliant on oxidative phosphorylation. Cells growing under these 

conditions are highly sensitive to drugs that may perturb oxidative phosphorylation. We 

are also evaluating the effects of 3-hydroxypropyl-TPP (TPP), the TPP moiety of TPP-IOA, 

on mitochondrial function in this system and in isolated mitochondria. 

At concentrations that effectively inhibit mitochondrial-mediated cell death in cells, 

TPP-IOA exerted significant effects on oxidative phosphorylation, e.g. reducing the 

respiratory control ratio. Conjugation to TPP is frequently used to promote accumulation 

of molecules in mitochondria. However, since TPP and linker molecules can themselves 

have effects on mitochondrial function it is necessary to evaluate these independently, an 

experimental control that is often not performed. We find similar effects of TPP and TPP-

IOA on mitochondrial OXPHOS, suggesting that it is the TPP moiety that interferes with 

normal mitochondrial function in this assay. 

Taken together, these preliminary data indicate the importance of (i) choosing 

appropriate cell culture conditions that promote reliance on oxidative phosphorylation to 

evaluate the effects of molecules that are targeted to mitochondria, and (ii) including 

experimental controls of TPP, since this moiety and linker group can have significant 

effects on mitochondrial function. 
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Wine industry produces large quantities of by-products, rich in bioactive compounds from 

grapes, with potential use for nutraceutical purposes. Grape pomace represents an 

environmental problem due to its high quantity and its pollutant characteristics. In Brazil, 

the majority of grape pomace produced is discarded, while part of it is used as fertilizer 

and as animal ration by small agricultural producers [1]. Since grape pomace is a rich 

source of polyphenols including phenolic acids, stilbenes, flavonoids and tannins, the use 

of this by-product for these purposes is very limited, due to their potent anti-microbial 

and potential anti-nutrient properties (original). Therefore, other applications are 

required to decrease environmental impact of grape pomace and, concomitantly, add 

value to this residue. In this study we evaluated the cytotoxicity of a grape pomace 

extract, obtained from Brazilian wine industry, in human hepatocarcinoma cells (HepG2). 

Hydro-alcoholic extracts were obtained from red grape (Pinot noir) pomace, derived 

from white wine vinification and concentrated by reverse osmosis. Grape pomace extract 

was characterized with respect to its bioactive compounds and antioxidant capacity. In 



  71 

 

Mitochondrial Physiology – MiP2014 www.mitophysiology.org 

vitro bioactivity was assessed on HepG2 cells as a function of viability, cellular respiration 

and lactate production under short, medium and long-term incubation periods. 

Grape pomace extract had high contents of polyphenol compounds and antioxidant 

capacity, compared to previously published data [2]. Total phenolics, flavonoids and 

anthocyanins where (mean±SE) 34,060±1,490 mg galic acid Eq/100 g, 2,146±191 mg 

catechin Eq/100 g and 258.69±1.66 mg cyanidin3-glycoside/100 g, respectively. The 

main anthocyanins found in grape pomace extract were 3-O-glucosides. Pomace extract 

antioxidant capacity was (mean±SE, mmol Trolox Eq/g) 101.43±0.12 and 16.71±1.78, 

by TEAC and ORAC assays, respectively. HepG2 viability reduced in a time- and 

concentration-dependent manner. Short-term incubation had no effect whereas medium- 

and long-term incubation induced a maximum of 30% and of 70% reduction in viability, 

respectively. Cell respiration and lactate production were assessed in short-term 

incubations, in order to evaluate grape pomace polyphenols bioactivity on HepG2 

bioenergetics irrespective of effects on cell viability. Treated cells presented a significant 

60% increase in ROUTINE respiration. Additionally, the ROUTINE flux control ratio (R/E) 

was higher in treated (0.52) when compared to control (0.40) cells. Moreover, the 

fraction of oxygen consumption utilized for ATP synthesis, (R-L)/E, significantly increased 

from 0.16 in control to 0.27 in treated HepG2 cells. These results indicate that treated 

cells present a lower respiratory reserve capacity and also suggest an increased 

requirement for ATP. Interestingly, lactate production decreased in treated cells, 

indicating a decreased utilization of glucose and, possibly, a compensatory effect due to 

increased mitochondrial respiration. 

The increase in respiration, related to phosphorylation in treated HepG2 cells, seems 

to be an early sign of bioenergetic alterations due to polyphenol compounds in grape 

pomace extract, which are possibly involved in cytotoxicity observed at longer 

incubations. The mechanisms underlying these effects are to be determined and might be 

related to decreased glucose utilization by HepG2 cells. Therefore, we reasoned that 

pomace produced from white wine vinification from Brazilian winemaking presents 

important pharmacological properties possibly related to potential anticancer effects on 

HepG2 cells. 
 Supported by CAPES, CNPq and FAPERJ (Brazil). 
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Energy metabolism (generation of ATP) is driven by aerobic oxidative phosphorylation 

(OXPHOS), which occurs in the mitochondria, and by anaerobic glycolysis taking place in 

the cytoplasm. In most cancer cells, energy generation switches to glycolysis even in the 

presence of oxygen, a phenomenon known as the Warburg effect, which has preoccupied 

most cancer research while neglecting mitochondria. However, recent studies have 

shown that mitochondrial tricarboxylic acid (TCA) cycle, which produces NADH that is 

reduced by Complex I delivering the electrons for OXPHOS, is both functional and 

essential for tumor growth. The TCA cycle plays a pivotal role in the synthesis of 

macromolecules, including proteins, lipids and nucleotides. The TCA cycle is finely 

regulated by Ca2+, which enters the mitochondria through MCU [1] driven by a 

considerable voltage across the inner mitochondrial membrane (ΔΨmt), generated in part 

by protons being pumped by respiratory electron flow. Metformin, which has been widely 
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used for over 40 years to treat diabetes, mimics caloric restriction acting on cell 

metabolism at various levels. It primarily inhibits Complex I and activates AMPK, effects 

also observed during inhibition of mitochondrial Ca2+
 uptake. Interestingly, metformin 

and other inhibitors of Complex I can selectively cause cell death in cancer cells through 

a mechanism that is still unclear [2,3]. 

Here, using extracellular flux analyzer technology, we show that incubation with 5 mM 

metformin for 24 h decreased both ROUTINE respiration and uncoupled oxygen 

consumption (electron transfer system capacity) in MCF7 cells, recapitulating the effects 

observed by inhibition of Ca2+
 uptake by MCU. These effects were accompanied by a 

perturbation of cytosolic Ca2+
 concentration, a robust activation of AMPK and autophagy 

induction. Additionally, we demonstrated that chronic (24 h) exposure to 10 mM 

metformin induced inhibition of cell growth and more than 50% cell death in MCF7 cells. 

This effect was visible only when cells were forced to rely bioenergetically on 

mitochondria (in media with low glucose), reinforcing the concept that metformin has 

antitumor properties that probably inhibit Complex I and causing a bioenergetic collapse 

of the cells. 
 Financed by postdoctoral fellowship FONDECYT 3140458 (FJ) and regular grant FONDECYT 1120443 (CC).  
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GRACILE syndrome is a mitochondrial hepatopathy caused by mutated BCS1L 

(homozygous c.232A>G), a gene coding for a respiratory Complex III chaperone [1,2]. 

BCS1L mutations compromise Rieske iron-sulfur protein incorporation into CIII, which 

leads to electron transfer system deficiency. In a knock-in mouse model of GRACILE 

syndrome, the homozygotes are born healthy but display growth failure and progressive 

liver disorder from the fourth week of life, tubulopathy, loss of adipose tissue and a short 

life span [3]. Liver pathology is characterized by microvesicular steatosis with 

progression to fibrosis. Ketogenic diet (KD) is a high-fat and low-carbohydrate diet that 

has proven beneficial in some forms of epilepsy and in some models of mitochondrial 

disorders. 

We hypothesize that, in homozygotes, KD would increase mitochondrial biogenesis 

and reduce dependence on glucose and thus alleviate disease progression. To test this 

hypothesis we fed ketogenic and control diets to groups of homozygous and wild-type 

mice, starting from one week of age (N=10 per group). The mice were sacrificed at P40-

P45 and samples collected for analysis. 

The KD had no effect on weight in homozygotes or wild-type mice. All homozygotes 

had early stage hepatopathy with no differences in standard scoring between diet groups, 

although subtle differences in liver histology were oberved. Wild-type mice on KD 

accumulated fat in the liver, whereas KD had no effect on liver fat content in 

homozygotes. At transcript level several markers of mitochondrial biogenesis (Pgc1a, 

citrate synthase and subunits of Complexes III and IV) were up-regulated in livers of 

mutant mice compared to wild-type. mtDNA copy number was not different between 
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groups and there were no signs of increased mitochondrial biogenesis in liver by KD. 

mRNA levels of genes related to fatty acid and glucose metabolism indicated different 

responses towards KD in mutant and wild type mice. 

The effect of KD on the course of GRACILE hepatopathy and on survival is being 

investigated in groups with longer follow-up. 
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Mitochondrial function rapidly responds to high energy food supply in order to deal with 

the supply, but the role of mitochondrial Ca2+ in these processes is not yet understood 

[1]. High-fat fed mice quickly gain weight while concomitantly developing insulin 

resistance in skeletal muscle [2,3]. For obesity, inappropriate lipid deposition in human 

skeletal muscle and a concomitant reduction in the ability of cells to completely oxidize 

lipids have been described [4]. 

Male C57BL/6J mice were fed either a normal chow diet (NCD) or a high fat diet (HFD) 

for one or eight weeks. Insulin resistance was evaluated by IPGTT, fasting glucose and 

insulin, and HOMA-IR. GLUT4myc-eGFP was electroporated in the Flexor digitorum brevis 

muscle (FDB). Insulin induces an increase in cytoplasmic and mitochondrial Ca2+ in adult 

fibers. The uncoupler FCCP releases Ca2+ from mitochondria to cytoplasm. Insulin-

dependent mitochondrial Ca2+ uptake is decreased in fibers from short-term HFD fed 

mice, while insulin-dependent cytoplasmic Ca2+ increase appear to be faster and 

stronger. In fibers from NCD fed mice, insulin-dependent mitochondrial Ca2+ uptake was 

inhibited by xestospongin B, a specific inhibitor of inositol-1,4,5-trisphosphate receptor. 

Using TMRE+ in the non-quenching mode (5 nM), we found that ΔΨmt was larger in fibers 

from short-term HFD fed mice in comparison to NCD derived fibers. Using TMRE+ in 

quenching mode (100 nM), we found that TMRE+, released after uncoupler stimuli, was 

higher in fibers from short-term HFD fed mice than in NCD fed mice. The glucose 

analogue (2-NBDG) uptake and the redistribution of GLUT4myceGFP, induced by insulin, 

were decreased in the presence of xestospongin or ruthenium red (MCU inhibitor). This 

effect suggests a retrograde regulation of insulin signaling by mitochondrial Ca2+ uptake. 
Financed by FONDECYT 11130267, ACT1111. 
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acid incubation, and fatty acid translocase/CD36 overexpression. J Clin Endocrinol Metab 95: 3400-10. 
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Mitochondrial dysfunction leads to reduced fatty acid oxidation, which is also found in 

obesity associated insulin resistance [1]. Further, lipid deposition in skeletal muscle 

results in insulin resistance by a poorly defined mechanism called ‘lipotoxicity’. Uptake 

and oxidation of long chain fatty acids by mitochondria are reportedly impaired in 

skeletal muscles of obese diabetic individuals having insulin resistance [2].  

Figure 1. PA-mediated inhibition of FAO rate in muscle cells is shown in (a). Myotubes 

were incubated with or without PA in media containing trace amounts of radiolabelled [1-
14C]-PA. Incubation of cells with 1 mM PA for 18 h reduced the FAO rate by about 40%. 

Excess PA restricts its own entry into mitochondria prior to FAO (b). Mitochondrial entry 

of radioactive metabolites in control and PA-treated muscle cells were measured after 18 

h of incubation in presence of [1-14C]-PA. The cells were treated in presence or absence 

of 1 mM PA and radioactive count was measured from mitochondria and whole cell 

extract. (c) Time kinetics study of PA entry and its distribution in whole cells, 

mitochondria and cytosolic fractions. The cells incorporated more PA during 8 h of PA-

treatment, but after that the, rate of PA uptake was reduced rapidly whereas control cell 

continues uptaking PA at a fairly constant rate (I). Mitochondrial fraction from control 

and PA-treated cells accumulate radioactive fatty acid derivatives almost at the same 

rate up to 12 h, then it decreases in PA-treated set, i.e. entry of PA in mitochondria is 

restricted after 12 h (II). The cytosolic fraction of PA-treated cells accumulate more 

radioactivity than that of control cytoplasm during 12-18 h of incubation (*P<0.05). 
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The resulting intramuscular fatty acids and their metabolite deposition lead to oxidative 

stress and activation of multiple stress-responsive signalling leading to insulin signalling 

defects [3]. However, the molecular mechanisms of insulin resistance in insulin target 

tissues are yet to be understood well. 

The impact of lipotoxicity on the genes regulating fatty acid oxidation in insulin 

resistant skeletal muscles was studied in our laboratory. Realtime-PCR based plate array 

has been used for this purpose, and we have identified many genes that are important 

for mitochondrial function and are significantly up- or down-regulated in rat skeletal 

muscle after high fat diet feeding. Importantly, several mitochondrial transporter proteins 

were included in this list of genes. 

We report for the first time that high concentration of palmitic acid differentially 

expresses the carnitine palmitoyl transferase isoforms associated with fatty acid-

transport and thus alters their ratio in muscle cells leading to incomplete fatty acid 

oxidation (Figure 1). The carnitine palmitoyl transferase isoforms are a very important 

mitochondrial fatty acyl transporter that subsequently maintains the rate of fatty acid 

oxidation. Consequently, the accumulation of ceramides increases, which is a known 

factor for insulin resistance. PPARa agonist reinstated the ratio of carnitine 

palmitoyltransferase (CPT) isoforms in PA-treated muscle cells and thus normalized the 

rate of fatty acid oxidation (FAO) as well as the insulin-mediated glucose uptake.  

Taken together, palmitate-induced differential expression of mitochondrial CPT 

isoforms results in incomplete FAO, which promotes insulin resistance [4]. Modulators of 

mitochondrial FAO may emerge as potentially useful agents to treat lipid-induced insulin 

resistance. 
 

1.  Wojtczak L, Schönfeld P (1993) Effect of fatty acids on energy coupling processes in mitochondria. Biochim 
Biophys Acta 1183: 41-57. 

2.  Fridlyand LE, Philipson LH (2005) Oxidative reactive species in cell injury: mechanisms in diabetes mellitus 
and therapeutic approaches. Ann N Y Acad Sci 1066: 136-51. 

3.  Lipina C, Macrae K, Suhm T, Weigert C, Baranowksi M, Gorski J, Burgess K, Hundal HS (2013) Mitochondrial 
substrate availability and its role in lipid-induced insulin resistance and proinflammatory signalling in 
skeletal muscle. Diabetes 62: 3426-36. 

4.  Corcoran MP, Lamon-Fava S, and Fielding RA (2007) Skeletal muscle lipid deposition and insulin resistance: 
effect of dietary fatty acids and exercise. Am J Clin Nutr March 85: 662-7. 
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When long-chain fatty acids enter the cells, long-chain acyl-CoA synthases (ACSLs) 

convert them to acyl-CoAs in an ATP-dependent reaction. The resulting acyl-CoAs have 

numerous metabolic routes within cells, including incorporation into triacylglycerol (TAG) 

and membrane phospholipids. Acyl-CoAs are used as substrates for beta-oxidation and 

protein acylation and function as ligands for transcription factors. However, the function 

of ACSL6 in skeletal muscle cells has not been described. The aim of this study was to 

investigate the effects of ACSL6 knockdown on mitochondrial metabolism in skeletal 

muscle cells. 

 Isolation of primary rat skeletal muscle cells from the lower limb was performed by 

collagenase II digestion [1]. Knockdown of ACSL6 was made by siRNA specific 

transfection. After the knockdown, the cells were collected for the following experiments: 

mRNA expression (RT-PCR), MS-MS lipid analyzes, cell viability (flow cytometry), oxygen 

consumption (OROBOROS Oxygraph-2k) [2] and reactive oxygen species (ROS) 

production (Amplex UltraRed). 

 ACSL6 siRNA transfection (20 nM) reduced the expression of ACSL6 mRNA by 70±8%. 

ACSL6 knockdown increased the free fatty acids C16:0 and C18:0 by 32±3% and 

35±3%, respectively. siRNA transfection did not affect cell viability measured by propide 
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iodate. ACSL6 genic silencing increased mitochondrial respiration in all states [pmol 

O2∙s
−1∙10−6 cells]: ROUTINE respiration (297±30 vs 368±28), LEAK with oligomycin 

(91±5 vs 96±4) and noncoupled ETS (610±45 vs 703±41), and decreased ROS 

production (P<0.05). ACSL6 genic silencing increased mRNA expression of oxidative 

genes PGC1 (~50%), UCP2 (~3 fold) and UCP3 (~5 fold), decreased mRNA expression 

of ACSL3 and had no effect on ACSL1 and β-hydroxyacyl-CoA dehydrogenase (β-HAD).  

 ACSL6 knockdown increased the availability of free fatty acids, which are major 

regulators of UCP’s. This may reflect the action of signaling pathways which remodel the 

oxidative program of skeletal muscle cells, increasing mitochondrial respiration. These 

mechanisms may contribute to control metabolic diseases, such as insulin resistance and 

obesity. 
 Supported by FAPESP. 
1.  Barbosa MR, Sampaio IH, Teodoro BG, Sousa TA, Zoppi CC, Queiroz AL, Oliveira MP, Alberici LC, Teixeira 

FR, Manfiolli AO, Batista TM, Gameiro Cappelli AP, Reis RI, Frasson D, Kettelhut IC, Parreiras-E-Silva LT, 
Costa-Neto CM, Carneiro EM, Curi R, Silveira LR (2013) Hydrogen peroxide production regulates the 
mitochondrial function in insulin resistant muscle cells: effect of catalase overexpression.  Biochim Biophys 
Acta 1832: 1591-604. 

2.  Pesta D, Gnaiger E (2012) High-resolution respirometry. OXPHOS protocols for human cells and 
permeabilized fibres from small biopisies of human muscle. Methods Mol Biol 810: 25-58. 
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Serum carnosinase deficiency is an inherited disorder that leads to an accumulation of 

carnosine in central and peripheral tissues of affected patients [1]. Considering that 

patients report severe episodes of dystonia and lethargy [2] and that the 

pathophysiological mechanisms involved in serum carnosinase deficiency remain poorly 

understood, we investigated the in vivo effects of carnosine on bioenergetic parameters, 

namely respiratory complexes (CI–III, CII, and CII–III) [3], malate dehydrogenase [4], 

succinate dehydrogenase [3], and creatine kinase [5] activities, and the expression of 

mitochondrial-specific transcription factors (NRF-1, PGC-1α, and TFAM) in skeletal muscle 

of young Wistar rats. We observed a significant decrease of CI–III and CII activities in 

animals receiving carnosine acutely, as compared to the control group. However, no 

significant alteration in respiratory complexes, citric acid cycle enzymes, and creatine 

kinase activities were found between rats receiving carnosine chronically and control 

group animals. Compared to the control group, mRNA levels of NRF-1, PGC-1α and TFAM 

were unchanged. The present findings indicate that energy dysfunction occurs in skeletal 

muscle of rats receiving carnosine acutely, which suggests that a putative mechanism 

might be responsible for the muscle damage observed in serum carnosinase-deficient 

patients. 
Supported by UNESC, CNPq and NENASC. 
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Inhibition of energy production in vitro by glutaric acid in cerebral cortex of young rats. Metab Brain Dis 15: 
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4.  Kitto GB (1969) Intra- and extramitochondrial malate dehydrogenases from chicken and tuna heart. 
Methods Enzymol 13: 106–16. 
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AT, Wajner M (2002) Inhibition of creatine kinase activity in vitro by ethylmalonic acid in cerebral cortex of 
young rats. Neurochem Res 27: 1633–9. 
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C3–10 Declining follicular reserve triggers 
mitochondrial pathway of granulosa cell 

apoptosis and accelerates the rate of follicular 
decay. 
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The ovary receives a finite pool of follicles during fetal life. The follicular 

reserve declines at an exponential rate leading to an accelerated rate of decay during the 

years preceding menopause [1]. The present investigation examined if diminished follicle 

reserve, which characterizes ovarian aging, impacts the attrition process. 

Premature ovarian aging was induced in rats by intra-embryonic injection (3 µl) of 100 

µg of galactosyltransferase-antibody (GalTase-Ab) per embryo on D10 of pregnancy. The 

size of the follicle pool of post-natal D35 female rats was subsequently modulated by 

transplantation of either a wedge of fat (sham control) or an ovary from 25-day old 

control rats under the ovarian bursa. The ovaries were dissected out on post-natal D55. 

Follicular growth and atresia and ovarian microenvironment were evaluated by real-time 

RT-PCR analysis of growth differentiation factor-9 (GDF-9), bone morphogenetic protein 

15 (BMP15), kit ligand (KL), hepatocyte growth factor (HGF), and keratinocyte growth 

factor (KGF); biochemical evaluation of ovarian lipid peroxidation, superoxide dismutase 

(SOD) and catalase activity; analysis of mitochondrial membrane potential by JC1 

staining; detection of granulosa cell apoptosis by TUNEL assay, Hoechst staining and 

annexin V binding; and Western blot analysis of pro- and anti-apoptotic signaling 

molecules including p53, bax, bcl2, caspase 3 and cytochrome c. 

The follicle-deficient ovary of the sham-operated group demonstrated highly triggered 

mitochondrial pathways of granulosa cell apoptosis and accelerated follicular atresia. The 

follicle-deficient ovary of the ovary-transplanted group, by contrast, exhibited stimulated 

follicle growth with increased expression of GDF-9, BMP15, KL, HGF, KGF, and bcl2 and 

downregulated expression of p53, bax, caspase 3 and cytochrome c. Both the host and 

transplanted ovaries also had significantly lower rates of lipid peroxidation with increased 

SOD and catalase activity.  

The present results suggest that the balance between the pro-survival and pro-

apoptotic factors involved in maintaining optimum intra-follicular communication between 

germ cell and somatic cells [2-4] is, perhaps, under the upstream regulation of an as-yet 

unidentified ovarian milieu that is maintained by inter-follicular communications. The 

declining follicular reserve is possibly the immediate thrust that increases the rate of 

follicle depletion when the follicle reserve wanes below a certain threshold size. 

  
 

Figure 1. Immunoblot and densitometric analysis of p53, bax, bcl2 and caspase3. Images 

of representative immunoblots (A) show decreased expression level of p53, bax and 

caspase3 and increased expression of bcl2, in both the resident (GOT-R) and 

transplanted (GOT-T) ovaries of the ovary-transplanted (GOT) group, as compared to the 

expression of the corresponding factors by the follicle-deficient ovary of the fat-

transplanted (GFT) group. The histograms (B) represent the densitometric analyzes with 

relative intensity of the bands normalized to loading control, β-actin.  
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Figure 2. Relative mRNA expression of gdf9, bmp15 and kit ligand as assessed by real-

time RT-PCR. The expression levels of gdf9, bmp15 and kit ligand are normalized with 

internal control, β-actin, and expressed as fold-change with respect to fat-transplanted 

group (GFT). The expression level of gdf9 is 1.61-fold higher in the resident (GOT-R) and 

2.76-fold higher in the transplanted (GOT-T) ovaries, while the expression of bmp15 

increased by 1.24-fold in GOT-R and 1.87-fold in GOT-T ovaries. The expression of kit 

ligand in the GOT-R and GOT-T is 1.62-fold and 2.69-fold higher, respectively. Data are 

presented as mean ±SEM of five independent determinations, each from individual rats 

of the corresponding gtoup (**P<0.05 vs. GFT; ***P<0.001 vs. GFT). 
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Acute ischemia-reperfusion injury of the brain affects millions of people. 

  Currently there is no really efficient neuroprotective therapy, however, a 

simple physical procedure, therapeutic hypothermia, can have beneficial effects. 

Although there is agreement that in this group of diseases oxidative stress is an 

important factor, the effects of temperature changes on the reactive oxygen species 

(ROS) formation and on the ROS elimination have not been clarified yet. A few 

publications in high profile journals claimed that mitochondrial ROS formation was 

inversely related to increasing temperature. In the present work, the effects of 

temperature changes on H2O2 formation and elimination were investigated in isolated 

guinea pig brain mitochondria in association with oxygen consumption. 

Mitochondrial ROS production was measured using Amplex UltraRed fluorescence, the 

rate of H2O2 elimination was measured using a hydrogen peroxide-sensitive electrode 

(WPI). Oxygen consumption of mitochondria was measured using an OROBOROS 

Oxygraph-2k. In order to energize mitochondria glutamate plus malate, succinate and 

alpha-glycerophosphate substrates were used. The bioenergetic and ROS parameters of 

mitochondria were investigated at 33, 37 and 41 oC. 

The rate of substrate oxidation showed a strong increase with temperature, whereas 

the efficiency of oxidation was decreased. Considering the ROS homeostasis both the 

formation of H2O2 and the elimination of H2O2 became faster with increasing temperature. 

With Complex I substrates at resting respiration, H2O2 production was increased by 31%, 

as a consequence of elevating the temperature from 33 oC to 41 oC. Using succinate or 

alpha-glycerophosphate, results were similar. The biggest difference (59% between 33 oC 

and 41 oC) was detected when H2O2 production was measured in the presence of the 

Complex I inhibitor rotenone. The rate of H2O2 elimination was also elevated by 24% with 

increased temperature (from 33 oC to 41 oC), in mitochondria supported by glutamate 

and malate. 

Rising the temperature from hypothermic to hyperthermic conditions resulted in an 

increase in mitochondrial oxygen consumption, H2O2 production and H2O2 elimination. 

The increase of ROS production was higher than that of H2O2 elimination; thus, according 

to our results, the elevation of temperature created oxidative stress conditions. We 

conclude that the neuroprotective effects of therapeutic hypothermia are also based on 

the decreased rate of mitochondrial H2O2 production. 
Supported by OTKA (NK 81983), and Hungarian Academy of Sciences MTA TKI 02001, and Hungarian Brain 
Research Program - Grant No. KTIA_13_NAP-A-III/6. 
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Heart failure is a common cause of death with hyperthermia [1], while the exact cause of 

hyperthermic heart failure appears elusive. It has been shown that there is an increase in 

inner-mitochondrial membrane permeability with hyperthermia starting at 42 oC [3]. We 

hypothesized that this would result in an impaired ATP supply by oxidative 

phosphorylation (OXPHOS) and hence compromise normal working heart function. 

Sprague Dawley rat ex vivo working heart function was assessed with a graded 

increase in perfusion temperature up to 43.5 oC. Mitochondrial high-resolution 

respirometry coupled to fluorometry was employed to determine the effects of moderate 

(40 oC) and severe (43 oC) hyperthermia on both ATP production (using magnesium 

green) and mitochondrial membrane potential (ΔΨmt; using safranine) in vitro, using a 

comprehensive metabolic substrate complement with isolated mitochondria [2]. 

Ex vivo working rat hearts showed breakpoints in all functional parameters (heart 

rate, cardiac output and ventricular contractility) at ~40.5 oC. Relative to 37 °C and 40 
oC, 43 oC elevated LEAK O2 flux and depressed OXPHOS O2 flux and ∆Ψmt. Measurement 

of steady-state ATP flow from mitochondria revealed decreased ATP synthesis capacity 

and a negative steady-state ~P/O ratio at 43 °C. This approach offers a more powerful 

analysis of the effects of temperature on OXPHOS that cannot be measured using simple 

measures, such as the traditional RCR or ~P/O ratio, which respectively can only 

approach 1 or 0 with inner-membrane failure. 

At 40 °C there was only a slight enhancement of the LEAK O2 flux and this did not 

significantly affect ATP production rate. Therefore, during mild hyperthermia (40 °C) 

there is no enhancement of ATP supply by mitochondria, to accompany increasing cardiac 

energy demands, while between this and critical hyperthermia (43 °C), mitochondria 

become net consumers of ATP. This consumption would contribute to cardiac failure or 

permanent tissue damage during severe hyperthermia. 
 

1.  Bouchama A, Dehbi M, Chaves-Carballo E (2007) Cooling and hemodynamic management in heatstroke: 
practical recommendations. Crit Care 11: R54. 

2.  Goo S, Pham T, Han JC, Nielsen P, Taberner A, Hickey AJ, Loiselle D (2013) Multiscale measurement of 
cardiac energetics. Clin Exp Pharmacol Physiol 8: 1440-1681. 

3.  Nauciene Z, Zukiene R, Degutyte-Fomins L, Mildaziene V 2012 Mitochondrial membrane barrier function as 
a target of hyperthermia. Medicina 48: 249-55. 
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Epidemic increase in the prevalence of heart failure is a common feature in all developed 

countries. Regardless of the underlying aetiology, defects in myocardial mitochondrial 

energetics play a central role in its pathogenesis, since the heart function places 

enormous demands on the range and dynamics of energy provision. Diminished 

functional capacity of mitochondria can, therefore, lead to heart failure. Our aim was to 

elucidate prevalence and significance of abnormalities of the mitochondrial energetic 

apparatus in the myocardium of patients with advanced heart failure, and to describe 

putative mechanisms leading to such abnormalities. 
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We analyzed left ventricular myocardial tissue of patients undergoing heart 

transplantation harvested at the time of the heart explanation (N=62) and samples of 

control myocardial tissue harvested from hearts of organ donors not used for cardiac 

transplantation (N=20). In the heart failure samples, we found profound markers of 

mitochondrial dysfunction. Content of mitochondria was decreased both when detected 

as mtDNA content (76% of controls) and citrate synthase activity (74% of controls). 

Similarly, we observed a decrease in activities of OXPHOS enzymes: NCCR (122±5.7 vs. 

161±13, P<0.01), SCCR (66±4.7 vs. 111±7.9, P<0.001) and cytochrome c oxidase 

(472±18 vs. 767±56, P<0.001). Using high-resolution respirometry, we detected a 

decrease in succinate supported respiration (451±23 vs. 598±47, P<0.01). SDS PAGE 

showed a decrease in content of Complexes CI, CII and CIII and a significant decrease in 

the endonuclease G, a mitochondrial protein recently associated with heart failure. 

Concerning aetiology, no differences were observed between patients with ischemic 

(coronary arterial disease) and non-ischemic heart failure.  

Taken together, our data implicate the important role of mitochondrial respiratory 

capacity in the development of human heart failure. 
 Supported by the Ministry of Health of the Czech Republic project no. NT14050. 
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Genetic mitochondrial diseases occur as a result of mutations in the nuclear or 

mitochondrial genome. Such impairment is often associated with dysfunctions in proteins 

which are part of the respiratory system. First, our aim was to study whether the time 

elapsed from death until dissection has a significant impact on the detected protein 

damage and thus affects or distorts the results. 

To address this topic, brain samples were obtained from mice. After sacrificing the 

animals, they were stored under the same conditions as the remains of patients, and 

dissected in a similar time regime as when obtaining autopsy samples from deceased 

patients. 

Our results demonstrated no significant alterations in protein levels and damage 

analyzed at successive time points. Our results suggest that autopsy samples can be 

used for the study of oxidative damage, which can extend and direct further research 

toward the diagnosis of mitochondrial diseases, which are accompanied by elevated 

levels of reactive oxygen species. 
Supported by the Internal Projects of CMHI 125/2012, Statutory Founding from Nencki Institute of 
Experimental Biology, Polish Ministry of Science, Higher Education grant W100/HFSC/2011 and a grant from 
the Polish National Science Centre (UMO-2011/01/M/NZ3/02128). 
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Previously, we showed that mitochondrialy targeted vitamin E analog MitoVES kills cancer 

cells by inducing apoptosis, especifically in transformed cells. The binding of MitoVES to 

the proximal ubiquinon binding (UbQp) site of Complex II (CII), accompanied by the 
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inhibition of electron transfer within CII, and ensuing reactive oxygen species production 

were suggested as the molecular mechanism underlying apoptosis induction by MitoVES 

[1], but the direct experimental evidence for MitoVES interaction with the UbQp site was 

missing. 

In the present study we focused on the interaction of MitoVES with this site in more 

detail. By site-directed mutagenesis, we prepared cells with UbQp site–directed point 

mutations in the SDHC subunit of CII. Next, we characterized their respiratory status, 

focusing on CII activity and assembly. Mutations S68L and R72C resulted in 

nonfunctional CII; although, in R72C, mutant CII was partially assembled. In cells with 

S68A and I56F mutations, CII-linked respiration was similar to wild type cells under 

coupled conditions; although, in case of S68A, mutant uncoupling with FCCP did not lead 

to significant increase in oxygen consumption. This suggests that this mutation 

compromised CII activity to some degree, but under physiological conditions this might 

be barely recognizable. In confirmation, mass spectrometry measurements did not reveal 

any increase in succinate levels for the S68A mutant, in contrast to S68L and R72C 

mutations, associated with nonfunctional CII. 

In cells with functional CII (wild type, I56F and S68A mutants), we determined the 

inhibitory effect of MitoVES on succinate-driven respiration and found IC50 values to be 

significantly higher for the mutants. To better characterize the mutated UbQp site we 

also carried out these experiments with two control inhibitors of CII: malonate, which 

binds to the succinate binding site in SDHA subunit, and TTFA, which binds to the UbQp 

site. Inhibitory curves and IC50 values for malonate showed very little, if any, differences 

between mutant and wild type CII, but the TTFA effect on CII-linked respiration in S68A 

mutant was almost one magnitude stronger than in cells with wild type SDHC. This 

suggests that the effect of mutations is local and UbQp site-specific. Further, all the 

mutants were assessed for their susceptibility to various apoptosis inducing agents, 

including MitoVES, TTFA, hydrogen peroxide and staurosporine. MitoVES-induced 

apoptosis was reduced in cell lines with mutations in SDHC, particularly in those carrying 

S68A substitution. While there were some differences between the variant cell lines in 

apoptotic response to control compounds, they did not copy the MitoVES treatment 

response. 

The findings, that for the I56F and S68A mutants the inhibition of CII-linked 

respiration and the pro-apoptotic activity of MitoVES were found reduced, suggest that 

the UbQp site of CII is the target of MitoVES, and that the observed diminished pro-

apoptotic effect of the drug is not secondary due to the lack of electron flow through CII 

(as might be the case in cells with nonfunctional CII). Instead, it is directly linked to the 

reduced interaction of MitoVES with the UbQp site. 
 

1.  Dong LF, Jameson VJ, Tilly D, Mahdavian E, Marn-Hernandez A, Hernandez-Esquivel L, Rodriguez-Enriquez 
S, Stursa J, Witting PK, Stantic B, Rohlena J, Truksa J, Kluckova K, Dyason JC, Ledvina M, Salvatore BA, 
Moreno-Sanchez R, Coster MJ, Ralph SJ, Smit RA, Neuzil J (2011) Mitochondrial targeting of vitamin E 
succinate enhances its pro-apoptotic and anti-cancer activity via mitochondrial Complex II. J Biol Chem 286: 
3717-28. 

 

 

C4-06 Very long chain ceramides interfere with C16 

ceramide-induced channel formation: rheostatic 
control of apoptosis. 
Stiban Johnny1, Perera M2 

1Dept Biol Biochem, Birzeit Univ, Palestine; 2Dept Biol, Univ Maryland, 

College Park, MD, USA. - jstiban@birzeit.edu 
 

Mitochondria mediate both cell survival and cell death. The intrinsic apoptotic pathway is 

initiated by the permeabilization of the mitochondrial outer membrane to pro-apoptotic 

intermembrane space proteins, such as cytochrome c. A number of pathways are known 

to cause the egress of mitochondrial intermembrane space (mtIMS) proteins. Of 

particular interest is the ability of the lipid, ceramide, to self-assemble into dynamic 

water-filled channels. The formation of ceramide channels is regulated extensively by 

Bcl-2 family proteins as well as dihydroceramide, the immediate precursor in the de novo 

ceramide biosynthetic pathway. Here, we present evidence that the chain length of 

mailto:jstiban@birzeit.edu
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biological ceramides serves as an important regulatory factor. Ceramides are synthesized 

by a family of six mammalian ceramide synthases (CerS), each of which produces a 

subset of ceramides that differ in their fatty acyl chain length. Indeed, we find that 

various ceramides function to permeabilize mitochondria differentially. Interestingly, the 

presence of very long chain ceramides reduces the potency of C16-mediated 

permeabilization of mitochondria, indicating that the intercalation of the lipids in the 

dynamic channel is destabilizing, reminiscent of dihydroceramide inhibition of ceramide 

channel formation [1]. Moreover, cells overexpressing the ceramide synthase responsible 

for the production of C16-ceramide (CerS5) are more vulnerable to etoposide, compared 

to cells overexpressing CerS2 (very long chain fatty acyl ceramides). We also find that 

co-overexpression of CerS2 and CerS5 reduces the fraction of dead cells upon etoposide 

treatment, indicating that the product of CerS2 inhibits C16-channel formation in vivo. 

This interplay between different ceramide metabolic enzymes and their products adds a 

new dimension to the complexity of mitochondrial-mediated apoptosis and emphasizes 

its importance as a key regulatory step that commits cells to life or death.  
 

1.  Stiban J, Fistere D, Colombini M (2006) Dihydroceramide hinders ceramide channel formation: implications 
on apoptosis. Apoptosis 11: 773-80. 

 

 

C4–07 Bioenergetics: arts meets gentle science in 

sickness and in health. 
Iyer Shilpa1, Faris S2, Rao R1, Jamison R3, Maurakis E4 

1Dept Chemical Life Sc Engineering, School Engineering*; 2Dept Communic 

Arts, School Arts*; 3Dept Biomedical Engineering, School Engineering*; 

*Virginia Commonwealth Univ; 4Sc Museum Virginia; Richmond, VA, USA. - 

siyer@vcu.edu 
 

Recent scientific reports have highlighted the increasing proportion of 

childhood obesity and mitochondrial diseases, leading to energy failures [1-4]. Equally 

important is the fact that mitochondrial dysfunction is at the core of numerous diseases 

that affect energy production. An urgent cell-to-society integrative approach is needed to 

address this problem, to increase awareness for improving nutrition and bioenergetics of 

young children and their families, and ultimately improve the quality of life. This wake-up 

call presents an urgent need to educate the public about the importance of 

“bioenergetics” in their daily lives. Our goal is to create novel educational modules to 

teach and engage a wide audience for understanding a variety of disorders related to 

energy failure. 

Faculty and students from Schools of Engineering and Arts along with the Science 

Museum of Virginia and patient advocates, affiliated with the United Mitochondrial 

Disease Foundation- Virginia Chapter, are developing creative STEAM-H (Science, 

Technology, Engineering, Arts, Mathematics, Health) approaches to communicate this 

important public health concern. 

In spring 2015, the outcome of this project will be displayed at an open exhibition at 

the Science Museum of Virginia. It is high time that such cell-to-society interactive 

modules are being created for explaining bioenergetics to children and adults. 
Supported by the Virginia Commonwealth University Quest for Innovation Fund. 

1.  Fiese BH, Bost KK, McBride BA, Donovan SM (2013) Childhood obesity prevention from cell to society. 
Trends Endocrinol Metabolism 24: 375-7. 

2.  Hills AP, Okely AD, Baur LA. (2010) Addressing childhood obesity through increased physical activity. Nat 
Rev Endocrinol 6: 543-9. 

3.  Russell O, Turnbull D (2014) Mitochondrial DNA disease—molecular insights and potential routes to a cure. 
Exp Cell Research pii: S0014-4827(14)00128-1. 

4.  Iyer S (2013) Novel therapeutic approaches for Leber's hereditary optic neuropathy. Discovery Medicine 15: 
141-9. 
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www.mitophysiology.org/?MiPcalendar 

 

7th  MiPschool on Mitochondrial Physiology  
20 to 24 Apr 2015 
 

University College 

London, UK 
 

Organizer: Michael Duchen (University College London, UK), The MiPsociety. 

Email: m.duchen@ucl.ac.uk 
www.bioblast.at/index.php/MiPschool London 2015 

 

8th  MiPsummer School on Mitochondrial Physiology  
10 to 14 Aug 2015 
 

East Carolina Diabetes and Obesity Institute 

East Carolina University 

Greenville, NC, USA 
 

Organizer: P Darrel Neufer (East Carolina Diabetes Obesity Inst, East Carolina 

University, Greenville, NC, USA), The MiPsociety. 

Email: neuferp@ecu.edu 
 www.bioblast.at/index.php/MiPschool Greenville 2015 
 

 

 
 

 

The next world-summit on Mitochondrial Physiology 
 

11th Conference on Mitochondrial Physiology 
07 to 11 Sep 2015, Luční Bouda, Czech Republic 

 

Organizers: Petr Pecina, Tomas Mráček, Josef Houštěk (Inst Physiol, Czech 

Academy of Sciences, CZ), The MiPsociety. 

Email: petr.pecina@biomed.cas.cz 
 

www.bioblast.at/index.php/MiP2015 

 

 Location: Luční Bouda (Meadows Chalet; 1410 m - http://www.lucnibouda.cz/en) 

is located in the Giant Mountains National Park. Luční Bouda is reached from Prague in 

2.5 hours. Participants arriving in Prague on Sunday Sep 6 will enjoy a social 

programme with a visit of the city centre and a boat trip. Transfer by bus from Prague to 

the conference venue will be arranged with several departures throughout Monday, 

adjusted to participants’ travel arrangements with arrival before the conference opening 

in the evening, to enjoy a taste of PAROHÁČ (The STAG) – the locally brewed beer. Bus 

return transfer to Prague, early morning departure from Luční Bouda.  

 Number of participants: 120. 

2015 

schools 2015 

mailto:m.duchen@ucl.ac.uk
http://www.bioblast.at/index.php/MiPschool%20London%202015
mailto:neuferp@ecu.edu
http://www.bioblast.at/index.php/MiPschool%20Greenville%202015
http://www.lucnibouda.cz/en
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Becoming a MiPmember 
 

Operating as in informal group since 

MiP2003 in Schroecken, the 

MiPsociety was formally established 

at MiP2011 in Bordeaux as an 

international non-government 

organization with its legal base in 

Innsbruck, Austria. The MiPsociety 

organizes annual summer schools and 

biannual conferences, bringing 

together international leading 

scientists and young researchers in 

the rapidly expanding field of 

Mitochondrial Physiology.  
 

MiPmembers benefit from  
 

1. Information on MiPevents 

2. MiPcirculars 

3. Reduction of registration fees at MiPevents 

 

in the Mitochondrial Global Network: MitoGlobal aims at providing a 

WorldWide information platform for scientific mitochondrial organizations and 

mitochondrial research consortia. 

 

Two options for MiPmembership 
 

 MiPmember  bi-annual fee of EUR 70.- (student fee EUR 30.-) 

 MiPlifetime-member  EUR 350.- 

 

Application 
 

The application form is available for download at www.mitophysiology.org. Submit your 

application to join as a MiPmember. Your application will be confirmed by the Executive 

MiPcommittee. 

 

Honorary Gentle Science Member of 
the MiPsociety 
 

Nobel laureate Professor Sir John Walker (Cambridge MBU, 

UK; Nobel prize 1997 in chemistry) has joined the MiPsociety 

as the first 'Honorary Gentle Science Member' of the 

Mitochondrial Physiology Society, following his presentation 

of 'The ATP Synthase' at the MiPsummer School 2012 on  

July 10 in Trinity Hall, Cambridge, UK. 

 

Contact 

 

Mitochondrial Physiology Society - MiPs 

Chair: Dr. Erich Gnaiger 

Neder 52  6095 Grinzens  Austria 

Postal address: Schoepfstr. 18  6020 Innsbruck 

Email: erich.gnaiger@mitophysiology.org 

ZVR: 643459589  www.mitophysiology.org 

 

MiPArt by Odra Noel 

MiP2013: Verena Laner, Erich Gnaiger, 

Vilma Borutaite, Steven Hand, Petr Pecina 

http://www.mitophysiology.org/
http://www.mitophysiology.org/
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Oxygraph-2k 

new: DatLab 6 
 

www.oroboros.at 
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high-resolution respirometry 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OROBOROS INSTRUMENTS   –  quality is our mission, science our passion 
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