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Voltage-dependent anion-selective channel (VDAC) was 
identified nearly 40 years ago and since that time has been 
extensively studied. The channel transports metabolites 
across the mitochondrial outer membrane and now it its 
clear that the simple transport function is indispensable for 
proper functioning of  mitochondria. Consequently, VDAC 
is regarded as a dynamic regulator, or even governor of  mi-
tochondrial functions and subsequently a crucial player in 
cell functioning. As VDAC-mediated mitochondria func-
tional state may result in a cell survive or death and finally 
in a disease, VDAC appears to be an important component 
of  the cell life and death machinery. This implicates that 
VDAC modulation may result in cytoprotection crucial for 
the treatment of  neurodegenerative diseases as well as in 
cytotoxic effect that can be applied in anti-cancer thera-
pies. Thus, VDAC could be regarded as a target for thera-
pies based on cytoprotection or cytotoxicity Accordingly, 
VDAC is known to interact with various molecules includ-
ing cellular proteins that results in modulation of  VDAC 
permeability. Therefore, it is reasonable to assume that the 
interactions may constitute a subject of  therapeutic treat-
ments.
Huntington’s disease (HD) is an autosomal-dominant neu-
rodegenerative disorder caused by a mutation of  the pro-
tein huntingtin (Htt) that consists in an increase in amount 
of  CAG codon in exon 1 of  the coding gene. Consequent-
ly, the mutated form of  Htt (mHtt) contains an increased 
number of  glutamine repeats. Available data indicate that 
profound mitochondrial impairment is an early and im-
portant event in HD pathogenesis and that the severity 
of  mitochondrial abnormalities correlates with increasing 
number of  glutamine repeats although the mechanisms of  
mHtt effect as well as that of  Htt on mitochondria have 
not been clearly defined so far. Intriguingly, our results sug-
gest that Htt and mHtt interact with VDAC. Thus, stud-
ies concerning direct interaction between VDAC and Htt/
mHtt appears to be a logical step in studies of  HD etiology 
and their results could be important for development of  
new therapeutic tools concerning HD and other diseases.
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Defects in the mitochondrial respiratory chain are often as-
sociated with the mitochondrial dysfunction and increased 
reactive oxygen species (ROS) production within the cell. 
The aim of  our studies was to determine the differences 
in the mitochondrial bioenergetic parameters, ROS pro-
duction and antioxidant enzymes status profiles between 
different types of  mitochondrial defects. Bioenergetic pa-
rameters, ROS production and the level of  individual anti-
oxidant enzymes in fibroblasts derived from patients with 
defined mitochondrial disorders (mutations in the genes of  
subunits complex I, SCO2, SURF1, MTATP6, SERAC1, 
TAZZ and tRNALeu) have been estimated. Finally, the mul-
tiparameter statistical analysis has been performed.
Anomalies in the bioenergetic parameters, modification of  
the antioxidant enzymes levels as well as enhancement of  
intracellular ROS confirmed the occurrence of  the oxida-
tive stress in the studied fibroblasts. Principal component 
analysis of  the obtained data showed, that individual de-
fects have been grouped in the separated clusters. This in-
dicates that mitochondrial defects studied in the patients’ 
fibroblasts are characterized by a unique profile of  impor-
tant parameters of  cellular bioenergetics and ROS homeo-
stasis as well as that the different molecular background 
has a unique impact on the mitochondrial and antioxidant 
defense system dysfunctional pattern. This approach may 
open new possibility to use the proposed set of  mitochon-
drial parameters and comparative analysis in the studies 
essential for distinguishing the molecular background of  
mitochondrial defect. 
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Cytochrome bc1 (mitochondrial complex III) plays a central 
role in biological energy conversion. It reversibly oxidizes 
hydroquinone and reduces cytochrome c, the two major 
redox pools of  electron transport chain in mitochondria. 
Symmetry of  cofactor arrangement in homodimeric struc-
ture of  this enzyme for long has hampered understanding 
the mechanism of  its operation and its possible role in gen-
eration of  reactive oxygen species (ROS).
We have developed biophysical techniques that benefited 
from magnetic interactions between metal centers to inter-
nally monitor changes in distances between the iron-sulfur 
cluster and one of  the hemes [1]. This, together with the 
mutational knocking out of  individual cofactors, allowed 
us to identify mechanism and reaction sequence primarily 
responsible for ROS generation [2, 3].
We have used protein engineering to construct a fusion 
protein, which allowed us to break symmetry of  a homodi-
mer and test all possible paths of  electron transfer within 
the dimer [4]. This revealed existence of  electron-transfer 
bridge between the two monomers that branches into four 
independent terminals. The so formed H-shaped electron 
transfer system works as a molecular version of  an elec-
tronic bus bar with electrons moving freely within and 
between the monomers to rapidly distribute between four 
catalytic quinone oxidation/reduction sites. The most re-
cently developed hybrid version of  the fusion protein [4] 
allows us to explore the functionality of  inter-monomer 
electron transfer in vivo.
Our findings offer new perspective on mechanism of  ef-
ficient energy conversion, suppression of  ROS, and regula-
tory function of  cytochrome bc1. Currently, we are particu-
larly focused on identifying intermediate states of  catalytic 
reactions including semiquinone radicals, describing proton 
management by the sites and molecular basis of  mitochon-
drial mutations related to cytochrome bc1.
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RNA processing and RNA degradation are two key pro-
cesses regulating gene expression in mitochondria. Recent 
research indicates that both processes are highly organized 
in sub-mitochondrial structures called processosomes and 
degradosomes, respectively. Our lab provided evidence that 
human mitochondrial degradosome consists of  two nucle-
ar-encoded proteins: SUV3 NTP-dependent helicase and 
polynucleotide phosphorylase PNPase.
The mechanism of  human mitochondrial RNA turnover 
was a subject of  controversy, because PNPase was found 
in the mt intermembrane space, where it functions in RNA 
import into mitochondria. Therefore the involvement of  
PNPase in RNA degradation in the mt matrix was consid-
ered doubtful.
Our research involved the expression of  a dominant-neg-
ative mutant of  SUV3 helicase which resulted in perturba-
tions in mtRNA turnover. This enabled us to investigate 
processing and degradation intermediates which otherwise 
were difficult to observe because of  their very short half-
lives. Silencing of  PNPase gene resulted in similar pheno-
types. By the combination of  fluorescence lifetime imaging 
microscopy with Foerster resonance energy transfer and 
bimolecular fluorescence complementation (BiFC) experi-
ments we demonstrate that PNPase and SUV3 form the 
RNA-degrading complex in vivo. This complex: mitochon-
drial degradosome is formed only in specific foci (called D-
foci; from degradation foci) which co-localize with mito-
chondrial RNA and nucleoids (Borowski et al., NAR 2013).
In paralell to our experiments, Jourdain et al. (Cell Metab 
2013) demonstrated that mitochondrial RNA processing 
is spatially organized in distinct foci. Thus, both lines of  
research indicate that two novel sub-mitochondrial par-
ticles (foci) constitute necessary components of  mtRNA 
metabolism.
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acid metabolism in brain 
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For almost two decades now, the brain GABAergic metab-
olism has been the focus of  intense study for its putative 
role in mediating many of  the behavioral consequences as-
sociated with the exposure of  narcotic drugs. The gamma-
aminobutyrate (GABA) shunt, an alternative route for the 
conversion of  alpha-ketoglutarate to succinate, involves the 
glutamate decarboxylase, the GABA transaminase (GABA-
T) and the succinate semialdehyde dehydrogenase (SSA-
DH).
Several lines of  research suggest a close relation between 
minor GABA-shunt and the brain carbohydrate and energy 
metabolisms, and GABA-shunt was hypothesized to be an 
additional deliverer of  Krebs' cycle substrates and a correc-
tor of  the disturbances caused by some toxic substances 
(benzene, pentachloronaphtalenes, etc).
In several animal models we attempted to compare the ef-
fects of  acute and chronic morphine exposure on the ac-
tivities of  GABA-T and SSA-DH and the TCA cycle en-
zymes (succinate dehydrogenase (SDH), NAD+-dependent 
isocitrate dehydrogenase) in brain regions of  rats.
It was found that morphine-induced changes in GABA 
metabolism were highly dependent upon a way of  drug ex-
posure, and varied in the tested brain regions (cortex, brain 
stem, cerebellum, thalamus). Acute experiment with mor-
phine administration (10, 20 or 40 mg/kg) caused activa-
tion of  GABA-T, SSA-DH, and SDH in cortex and brain 
stem, indicating increased GABA turnover. However, in 
cerebellum and thalamus GABA catabolism was lower in a 
dose-dependent manner after acute morphine administra-
tion.
Protracted morphine intoxication (duration 7, 14, and 21 
days) evoked reliable increase in the GABA-shunt activity 
in thalamus and brain stem, followed by activation of  the 
TCA cycle’ enzymes. In contrast, all enzymes tested were 
inhibited in cerebellum, suggesting that chronic morphine 
exposure may exacerbate both GABA shunt and TCA cy-
cle turnover in the region.
After morphine withdrawal the changes in the enzymes ac-
tivities were mainly opposite to those, detected after chron-
ic morphine intoxication.
The results obtained support the notion that dependence 
upon narcotic drugs might develop via similar neurochemi-
cal mechanisms. The elucidation of  the mechanisms that 
underlie adaptations to morphine intoxication are leading 
to a better understanding of  the implication of  the brain 
GABA system and new targets for therapies to support re-
covery from opiate withdrawal and addiction.
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The aerobic metabolism of endothelial 
EA.hy926 cells under hyperglycemia
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The aim of  our study was to examine mitochondrial res-
piratory functions in endothelial cells and isolated mito-
chondria and to assess the influence of  hyperglycemia on 
the aerobic metabolism of  these cells. Human umbilical 
vein endothelial cells, EA.hy926 line, were grown in me-
dium containing either 5.5 mM (control conditions) or 25 
mM glucose (high-glucose conditions). In EA.hy926 cells, 
growth in high glucose caused lower mitochondrial respira-
tion with glycolytic fuels, less pronounced with glutamine, 
and higher respiration with palmitic acid. The Crabtree ef-
fect was observed in both, control and high glucose-treated, 
cells. High glucose-conditions produced increased levels of  
cellular Q10, increased hexokinase I, lactate dehydrogenase, 
acyl-CoA dehydrogenase, uncoupling protein 2, and super-
oxide dismutase 2 expression, and decreased E3-binding 
protein of  pyruvate dehydrogenase expression. In isolated 
mitochondria, hyperglycemia induced an increase in the ox-
idation of  palmitoylcarnitine and glycerol-3-phosphate and 
a decrease in the oxidation of  pyruvate. Under hypergly-
cemia, increased uncoupling protein 2 (UCP2) activity was 
observed. Our results demonstrate that primarily glycolytic 
endothelial cells possess highly active mitochondria with a 
functioning UCP2; high-glucose treatment induces a shift 
of  the endothelial aerobic metabolism towards the oxida-
tion of  lipids and amino acids.
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A gene encoding a small, high-potential, monoheme pro-
tein cytochrome (cyt) c6 is found in most cyanobacterial ge-
nomes sequenced so far.  The protein is an electron donor 
to cyt c oxidase in the respiration process of  cyanobacteria 
but it also transfers electron between cyt bf and photosys-
tem I in photosynthesis of  both cyanobacteria and algae. 
Whereas cyt c6 is a well characterized protein and c550 is a 
component of  oxygen evolving center of  PSII, functions 
of  cM and c6-like proteins remain obscure. The structure 
of  cytochrome c6C from the mesophilic cyanobacterium 
Synechococcus sp. PCC 7002 has been determined at 1.03 Å. 
This is the first report on recently discovered cyanobacte-
rial cytochrome c6-like proteins found in marine as well as 
nitrogen fixing cyanobacteria. Despite high similarity in the 
overall three-dimensional fold between cytochromes c6 and 
c6C the latter shows saliently different electrostatic differ-
ences in terms of  surface charge distribution and dipole 
moments. Its midpoint redox potential is more than twice 
lower from typical cytochromes c6 and results mainly from 
substitution of  one residue in the heme pocket. Here we 
show high-resolution structures of  both mutants of  cyt c6 
and c6C and the impact of  mutations of  specific residues 
in heme-binding pocket on redox potentials. Our findings 
contribute to elucidation of  structure-function relationship 
of  c6-like cytochromes.
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Cellular energy as a factor regulating 
lifespan in yeast Saccharomyces cerevisiae
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The yeast Saccharomyces cerevisiae is one of  the model or-
ganisms in gerontology. This is a unicellular Eukaryotic 
organism, which has a number of  characteristics, success-
fully used for the analysis of  various processes in higher 
organisms. In yeast gerontology there are two types of  
experimental approaches: replicative and chronological. 
In chronological aging we examine survival of  cells in sta-
tionary culture. It is considered a model to study aging of  
post-mitotic cells of  higher organisms. Replicative aging 
studies are supposed to explain the mechanisms of  aging 
of  somatic cells able to divide. They indicate how many 
daughters the mother cell is able to produce during its life.
In these studies we analyzed wild-type strain (SP-4) and de-
letion mutants Δfob1 and Δsfp1. We tested how these dele-
tions influence “replicative life spans” and we measured the 
time of  life of  the studied strains. FOB1 (FOrk Blocking 
less) gene mutation blocks the replication of  extrachro-
mosomal rDNA circles, and prevents their accumulation 
in the nucleus. rDNA circles are considered as one of  the 
potential factors of  aging. SFP1 (Split Finger Protein) gene 
product is a transcription factor of  RNA polymerase II, 
regulating ribosomal protein synthesis. The effects of  the 
mutation SFP1 is not lethal, but significantly increases their 
generation time. Our study showed that ”longevity” Δfob1 
mutant, lives as long, as the standard strains [1]. The life 
span analysis of  the Δsfp1 mutant showed that this muta-
tion results in longevityexpressed in units of  time.  Our 
studies suggest that longevity expressed in units of  time 
in yeast Saccharomyces cerevisiae is negatively correlated with 
translational potential of  the cell. Ribosome biogenesis is 
one of  the most energy consuming processes of  yeast cells. 
Our hypothesis is confirmed by the presented results of  
the analysis of  heat generation, measured by isothermal mi-
crocalorimetry techniques. This method may provide a new 
approach to gerontology studies.
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Degradation of xylose using 
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It is generally known, that many kind of  microorganisms 
are capable of  using carbohydrates as a source of  carbon 
and energy in an environment. The biodegradation process 
of  monosaccharides from pentoses (in this case- racemic 
mixture of  D- and L-xylose) is an immense opportunity for 
an entire reduction of  biological contamination to neutral 
compounds through MFC. The process is occurred in a 
single-chamber MFC, which is contained two indispensable 
components — an graphite felt anode with chemical and 
thermal modification and gas diffusion cathode. D-xylose 
is one of  carbohydrates, which is the easiest digestible com-
pound for microorganisms. In MFC, the reduction of  the 
racemate of  xylose is occurred quickly with visible final ef-
fects: an increase of  the cell voltage, a reduction of  fuel 
and a decomposition of  fuel inter alia to volatile fatty acids. 
The degradation of  the racemate (used monosaccharide) 
is resulted in a formation of  acids such as acetic acid, pro-
pionic acid and also acids, which are created in fermenta-
tion process- butyric acid and iso-butyric acid. The quantity 
of  those acids is determined by several analysis of  known 
concentration of  the dispensed fuel. As the result of  the 
executed experiments is determination: the ranges of  rising 
voltage, the amount of  reduced fuel and the amount of  
VFAs, which are produced from the determined amount 
of  racemate of  xylose.
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Mitochondrial dysfunctions play a crucial role in the patho-
genesis of  various neurodegenerative disorders. Amyo-
trophic lateral sclerosis (ALS) is a neurodegenerative dis-
ease which affects upper and lower motor neurons. The 
majority of  ALS cases are sporadic (sALS) while only 
around 10% are familial (fALS). Among the familial forms 
the most studied and very common disease-causing muta-
tions are those found in SOD1 gene.
In order to verify presence of  mitochondrial stress and 
compare sporadic and familiar form of  ALS we investigat-
ed numerous parameters of  mitochondrial physiology in 
primary fibroblast cultures derived from patients with both 
forms of  ALS and age matched control subjects. Themi-
tochondrial membrane potential, generation of  ROS and 
cytosolic calcium levels were measured in living cells with 
laser scanning cytometer. The mitochondrial structure and 
cytoskeleton organization were visualized by confocal mi-
croscopy. Complex I and IV titration and measurement of  
respiration rates were performed on Oroboros oxygraph. 
Levels of  proteins involved in dynamics of  mitochondria 
(Opa1, Mfn1, Mfn2, Drp1, Fis1) were determined by west-
ern blot method.
Themitochondrial membrane potential was slightly de-
creased and cytosolic calcium level was raised in fibroblasts 
derived from patients with fALS in comparison to controls. 
Preliminary results showed no significant changes in intra-
cellular ROS levels. Data from oxygraph indicated that ac-
tivity of  complex IV in fibroblasts of  fALS seems to be re-
duced when compared to controls. The profile of  proteins 
responsible for the dynamics of  mitochondria were differ-
ent in investigated cell lines in comparison to controls.
Our preliminary results indicate that mitochondrial stress 
might be present in fibroblasts derived from patients suf-
fering from both familial and sporadic form of  ALS.
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In the present study, we describe the existence of  a large-
conductance Ca2+-activated potassium (BKCa) channel 
in the mitochondria of  the human endothelial cell line 
EA.hy926. A single-channel current was recorded from 
endothelial mitoplasts using the patch clamp technique. A 
potassium-selective current was recorded with a mean 
conductance equal to 270 pS in a symmetrical 150/150 
mM KCl isotonic solution. The channel activity, which 
was determined as the open probability, increased with 
the addition of  calcium ions and the potassium channel 
opener NS1619. Conversely, the activity of  the channel 
was irreversibly blocked by paxilline and iberiotoxin, BKCa 
channel inhibitors. The open probability was found to be 
voltage-dependent. The substances known to modulate 
BKCa channel activity influenced the bioenergetics of  mi-
tochondria isolated from human endothelial cells. In iso-
lated mitochondria, 100 μM Ca2+, 10 μM NS1619 and 0.5 
μM NS11021 depolarized the mitochondrial membrane 
potential and stimulated non-phosphorylating respiration. 
These effects were blocked by iberiotoxin and paxilline 
in a potassium-dependent manner. Under phosphorylat-
ing conditions, NS1619-induced, iberiotoxin-sensitive un-
coupling diverted energy from ATP synthesis during the 
phosphorylating respiration of  the endothelial mitochon-
dria. Immunological analysis with antibodies raised against 
proteins of  the plasma membrane BKCa channel identified 
a pore-forming alfa-subunit and an auxiliary beta2 subu-
nit of  the channel in the endothelial mitochondrial inner 
membrane. In conclusion, we show for the first time that 
the inner mitochondrial membrane of  human endothelial 
cells EA.hy926 contains a large-conductance Ca2+-activat-
ed potassium channel with properties similar to those of  
the surface membrane BKCa channel. 
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The mitochondrial outer membrane houses the TOB/SAM 
complex which assembles mitochondrial β- barrel proteins 
into the membrane. The group of  β barrel proteins in-
clude crucial mitochondrial proteins as for example Tom40 
(forming channel within the TOM complex regarded as the 
gate into mitochondria for imported proteins) and VDAC 
(of  fundamental meaning for metabolite transport across 
the outer membrane of  mitochondria). Undoubtedly, the 
TOB/SAM complex is essential for the proper function 
of  mitochondria and consequently for a cell functioning. 
The TOB/SAM complex of  Saccharomyces cerevisiae, a model 
eukaryotic organism, comprises three proteins: Tob55/
Sam50, Tob38/Sam35, and Tob37/Mas37/Sam37. Homo-
logues of  Tob55/Sam55 are present in virtually all eukar-
yotes and significant sequence similarity is also observed 
between the protein and Omp85 protein of  Gram-negative 
bacteria. Interestingly, available data indicate that in TOB/
SAM complexes of  representatives of  different eukaryotic 
organism lineages Tob55/Sam50 might be accompanied by 
subunits of  different identity. 
To study the organization of  the TOB/SAM complex 
within Amoebozoa we have chosen two representatives of  
Amoebozoa, namely the amoeba Acanthamoeba castellanii and 
the slime mold Dictyostelium discoideum. A. castellanii is a uni-
cellular organism that lives as a trophozoite in soil and 
nonsoil environments and posses mitochondria that share 
many features with animal and plant ones. On the other 
hand, the life cycle of  D. discoideum offer an unparalleled 
variety of  phenotypes to study as within the cycle different 
unicellular and multicellular stages and multiple cell types 
appear.
Proteomic screening of  the A. castellanii outer mitochon-
drial membrane proteins by mass spectrometry allowed us 
for identification of  the amoeba Tob55/Sam50. Additional 
component of  A. castellanii TOB/SAM complex was found 
due to coimmunopurification experiments with Tob55/
Sam50 and probably corresponds to i.e. Tob37Mas37/
Sam37. In the case of  D. discoideum two subunits of  the 
TOB/SAM complex were identified, i.e. Tob55/Sam50 
and Metaxin, regarded as a putative homologue of  Tob-
37Mas37/Sam37 or Tob38/Sam35. Moreover, at least two 
splicing variants of  the Tob55/Sam50 exist in D.discoideum 
mitochondria that corresponds to different forms of  the 
studied complex. Thus, the TOB/SAM complex organiza-
tion in D. discoideum and A. castellanii corroborates with phy-
logenetic differentiation of  the complex and could provide 
interesting data for phylogenetic analysis.
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Studies concerning minocycline (a derivative of  tetracy-
cline; 7-dimethylamino-6-dimethyl-6-deoxytetracycline) 
indicate that the antibiotic has multi-faced effects on cell 
functions and consequently a number of  clinical proper-
ties. Therefore, application of  minocycline as a therapeutic 
agent is the subject of  clinical trials for various diseases 
(www.clinicaltrials.gov). Accordingly, it has been shown 
that minocycline could be useful for treatment of  differ-
ent diseases including bacterial infections, cancer, autoim-
mune disorders, ischemia as well as neurodegenerative and 
psychiatric diseases. Available data indicate that possible 
therapeutic strategies may involve cytoprotective as well 
as cytotoxic capabilities of  minocycline. Thus, detailed de-
scription of  cellular and molecular mechanism(s) triggered 
by minocycline appears to be current and important topic 
of  study. On the other hand, mitochondrial dysfunction is 
widely accepted to contribute to cell life and death, that 
makes mitochondria an important target of  cytoprotective 
and cytotoxic drugs. Therefore the effect of  minocycline 
on mitochondria appears to be an interesting field of  stud-
ies.
Correspondingly, despite the differences in the proposed 
mechanism, the available data concerning the effect of  
minocycline on isolated mitochondria point at changes at 
the level of  the inner membrane permeability. Undoubt-
edly, the changes affect the mitochondrial respiratory chain, 
i.e. the status of  energy coupling that is well known to be 
crucial for metabolic and energetic functions of  mitochon-
dria and consequently for cell functioning. Accordingly, by 
using the model organism yeast Saccharomyces cerevisiae we 
have demonstrated that minocycline cytoprotective activity 
appears to result from an improvement of  energy coupling 
in mitochondria.
Here, we estimated influence of  different concentrations 
of  minocycline as well as of  H2O2 and FCCP on status of  
energy coupling of  intact human neuroblastoma cells. We 
also performed correlation studies between the observed 
effect on energy coupling and cytoprotective capability of  
minocycline under conditions of  the cell pretreatment with 
H2O2 and FCCP. The obtained results indicate that neuro-
blastoma cells are sensitive to minocycline detrimental (cy-
totoxic) effect although minocycline cytoprotective effect 
is also possible dependently on minocycline concentration 
and glucose content in the applied media. 

P8.3

The influence of adipokinetic hormone on 
uncoupling protein expression/activity 
and carbohydarte metabolism in larval 
and pupal fat body of Zophobas atratus
M. Slocinska1, N. Antos-Krzeminska2, G. 
Rosiński1, W. Jarmuszkiewicz2

Adam Mickiewicz University, 1Department of Animal Physiology and 
Development, 2Department of Bioenergetics, Poznań, Poland
e-mail: Wieslawa Jarmuszkiewicz <wiesiaj@amu.edu.pl>

Uncoupling proteins are inner membrane mitochondrial 
proteins that mediate mitochondrial uncoupling and there-
by energy dissipation. We examined an impact of  insect 
adipokinetic hormone (AKH) on uncoupling protein 4 
(ZaUCP4) expression and activity and the carbohydrate 
metabolism in fat body of  two developmental stages of  the 
beetle Zophobas atratus. AKH was administered as a single 
or two doses with 24-hour interval. We have observed sig-
nificant decline of  ZaUCP4 expression at the level of  RNA 
and protein in fat body mitochondria after both the single 
and two doses of  AKH injections in larvae and in pupae as 
well. The activity of  ZaUCP4 in both developmental stages 
was reduced after two doses of  the hormone. In AKH-
treated larvae, carbohydrate reserves were mobilized con-
trary to AKH-treated pupae. It appears that as pleiotropic 
hormone, AKH works by running a series of  metabolic 
events, thus it does not act on ZaUCP4 expression per se 
but throughout metabolic pathway modifications.
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Minocycline belongs to tetracycline family of  antibiot-
ics and displays broad-spectrum activity against bacterial 
pathogens as it is able to block bacterial protein synthesis 
due to interaction with bacterial ribosomes. Thus, minocy-
cline is commonly used in the treatment of  diseases with 
an inflammatory background. On the other hand, non-
antibiotic properties of  minocycline have been intensively 
investigated and have been suggested to be beneficial in 
treatment of  different diseases. Accordingly, available data 
indicate cytoprotective capability of  minocycline. For ex-
ample, minocycline has been shown to have neuroprotec-
tive effects in studies of  experimental models of  human 
diseases and in clinical studies. They concern for example 
Parkinson’s disease, Alzheimer disease, fragile X syndrome, 
multiple sclerosis, cerebral ischemia, as well as spinal cord 
and traumatic brain injury. Thus minocycline is appraised 
as a prime candidate for neuroprotection and it is believed 
that its cytoprotective activity includes targeting of  oxida-
tive stress, mitochondrial functioning, and inflammation.
Our findings indicate that cytoprotective activity of  mi-
nocycline requires the presence of  functional VDAC 
(voltage-dependent anion-selective channel), and the chan-
nel reconstituted in artificial membranes is modulated by 
minocycline that suggests direct interaction. We have also 
observed that cytoprotective activity of  minocycline coin-
cides with an improvement of  energy coupling within cells 
and the effect of  minocycline depends on the presence of  
functional VDAC in the mitochondrial outer membrane as 
well as minocycline concentration. Since VDAC is regarded 
as a dynamic regulator, or even governor, of  mitochondrial 
functions, elucidation of  interaction between minocycline 
and VDAC appears to be a logical step in studies concern-
ing mechanism(s) of  cytoprotective properties of  the an-
tibiotic. Therefore, we performed fluorimetric measure-
ments to determine the binding potency of  minocycline 
for the purified yeast Saccharomyces cerevisiae VDAC (as an 
experimental model) as well as for human VDAC isoforms. 

P8.5

Docking of ethanol to 3D models 
of human and rat muscle and 
liver phosphofructokinases
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ADP is an allosteric activator of  phosphofructokinase 
(PFK). The site for ADP binding has been determined on 
rabbit muscle PFK, which is the only one mammalian PFK 
with known 3D structure yet [1].
There are two X-ray structures of  PFK (3O8N and 3O8L) 
submitted to the Protein Data Bank (www.pdb.org). We 
used 3O8L file as a template to construct 3D models 
of  human and rat muscle and liver PFKs based on their 
amino acid sequences from GenBank (NP_001160158; 
AAH94212.1; NP_002617.3; NP_037322.1). Swiss Model 
server (http://swissmodel.expasy.org/) has been used for 
modeling. The Docking Server (www.dockingserver.com) 
has been used for molecular docking of  ethanol to 3D 
models of  enzymes.
The known ADP-binding site includes Asp173, Met174, 
Asp179, Tyr214, Phe308, Asn341, Ser377, Asn381, Phe538, 
Asp543 and Phe671 residues. In this bioinformatic work 
we found out that ethanol may be bound by seven from 
eleven amino acid residues forming that allosteric site on 
both muscle and liver PFKs of  human and rat: Met174, 
Asp179, Phe308, Asn341, Phe538, Asp543 and Phe671. 
Three Phe residues are able to participate in both hydro-
phobic and cation-pi interactions with ethanol, while Asp 
and Asn residues usually take part in polar interactions.
At the frequency of  50% ethanol can interact with Phe538 
and Asp543 residues on the model of  human muscle PFK. 
Three other residues predicted to participate in interac-
tions with ethanol are not included in the described ADP-
binding site. Free energy of  binding (ΔG) is equal to –1.82 
kcal/mol.
The highest frequency of  ethanol binding (50%;  
ΔG=–1.81 kcal/mol) on the model of  rat muscle PFK is 
characteristic to the site including ADP-binding Phe671, 
Met174 and Asp179, as well as three other residues.
The highest frequency of  binding (70%) and the lowest ΔG 
(–1.88 and –1.86 kcal/mol, respectively) are characteristic 
to the site on human and rat liver PFKs which includes 
only a single Asp542 residue from the known ADP binding 
site and five more amino acids.
According to the results of  molecular docking, at high con-
centrations ethanol may block the allosteric ADP-binding 
site on the PFK, which is a key enzyme of  glycolysis.
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Intermittent alcohol intoxication (IAI) in rats was brought 
about by intragastric infusion of  25% ethanol solution in 
the dose of  3.5 g/kg of  body weight, twice daily, within 
4 days. Then the alcohol infusions were followed by the 
3 days’ alcohol-free periods. In sum 4 cycles of  IAI were 
used, and rats were sacrificed 3 days after the last alcohol 
ingestion. The contents of  free amino acids and their de-
rivatives were assayed in the deproteined homogenates of  
liver, skeletal muscle, and myocardium by HPLC method.  
Discontinuous alcohol exposure followed by alcohol-free 
periods caused the most marked changes in free amino 
acids in liver. The levels of  aspartate, threonine, taurine, 
GABA, tyrosine, valine, tryptophan, phenylalanine, ornith-
ine, and proline were considerably lower as compared to 
the control group. This conducted to a decrease in the total 
concentration of  proteinogenic amino acids (by 24.5%), 
and increase in the ratio of  branched and aromatic amino 
acids.
In skeletal muscles the levels of  tryptophan, ornithine, and 
taurine were statistically higher in alcohol-treated animals. 
In addition the statistically reliable growth in the ratios of  
inessential and essential amino acids as well as glycogenic 
and ketogenic amino acids was detected.
In myocardium the IAI resulted in diminishing of  the glu-
tamine, arginine, valine, phenylalanine, and lysine levels. 
Those alterations in the amino acid pool there were similar 
to those, observed in skeletal muscles. The growth in the 
ratio of  inessential and essential amino acids was accompa-
nied by significant increase in the glycogenic and ketogenic 
amino acid ratio.
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Neuromediator violations in the 
brain of rats undergone intermittent 
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One of  really meeting situations among a set of  forms of  
alkogolisation of  human population is the intermittent al-
coholic intoxication (IAI).  In this regard we developed and 
experimentally approved the IAI model where the periods 
of  alcoholization made 4 days, and cancellations — 3 days.  
Ethanol in the form of  25% of  solution was entered with 
an interval at 12 o'clock in a dose of  3,5 g/kg of  weight 
of  a body.  Cycles alcoholization/cancellation repeated 4 
times.  Decapitation animals made for 7, 14, 21 and 28 days 
of  experiment that allowed to study development of  this 
form of  alcoholic intoxication in dynamics.
In bark of  big cerebral hemispheres IAI gives to consider-
able, for 56%, to decrease in level of  HVA that can point 
to decrease in functional activity of  dopamine system. In 
a brain trunk IAI it was accompanied by level increase 
dophamine at stable concentration of  it metabolites. It can 
indicate decrease in functional activity of  dopamine system 
— a ratio of  active and rather inactive part of  a pool of  a 
mediator in the presinaptic terminations. At IAI it wasn't 
revealed changes of  parameters of  serotonine system and a 
pool of  neuroactivities amino acids in a brain trunk.
Thus, IAI has impact on a condition of  neuromediator sys-
tems of  the brain which expressiveness is defined by brain 
region.
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Defects in mitochondrial function have been implicated 
in many neurodegenerative diseases. Continuous fusion 
and fission of  mitochondria are required to maintain their 
proper functions.  The fusion is needed for maintaining a 
correct respiratory and metabolic activity of  mitochondria, 
the fission, in a consequence, gives an opportunity to re-
move dysfunctional mitochondrial fragments from healthy 
mitochondrial network and is important for their transport 
in the cell and proper segregation during the cell division. 
In order to understand the role of  mitochondrial dynam-
ics in cellular signaling in neurodegenerative diseases we 
have studied human primary cultures of  skin fibroblasts 
derived from patients with sporadic Alzheimer’s and Par-
kinson’s disease (AD and PD). Mitochondrial dynamics is 
controlled by a number of  proteins. We have investigated 
the level and the modifications of  these proteins in AD 
and PD fibroblasts. We have found different level of  Drp1 
protein and changes in the level of  phosphorylated Drp1 
in AD and PD cells in comparison to controls. The shape 
and organization of  mitochondrial network within AD and 
PD cells are also slightly modified. 
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Alcohol withdrawal evokes reliable 
changes in the activity of some 
dehydrogenases in brain regions
Raja Ali Raza, Vladimir Lelevich, Hanna Vinitskaya 
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Protracted consumption of  alcohol in high doses evokes 
significant metabolic changes in a body, resulting in the de-
velopment of  physical dependence. The growing body of  
evidence indicates that chronic alcohol ingestion exerts the 
deficiency of  Krebs’ cycle substrates in brain, as well as 
an imbalance in the oxidative/ reductive NAD+/NADH 
ratio.
The study was aimed to investigate the activities of  the 
succinic semialdehyde dehydrogenase (SSA-DH), and suc-
cinate dehydrogenase (SDH) in the brain regions of  rats 
chronically treated by ethanol solutions and in different 
terms after alcohol withdrawal (AW).
Male heterogeneous stock rats were treated by intragastric 
infusion of  25% ethanol solution in the dose of  5g/kg of  
body weight, twice daily, within 5 days. The ethanol-treated 
rats were sacrificed 3 hours, 1, 3 and 7 days after the last 
alcohol injection. Control rats received adequate volumes 
of  water for the same period as the alcohol-treated animals. 
At sacrifice, hemispheres, brain stem and cerebellum were 
dissected, and the activities of  SSA-DH and SDH were as-
sayed in brain homogenates.
5 days' excessive alcohol consumption by rats caused seda-
tion and diminishing of  their motor activity. The 3 hours’ 
AW resulted in decrease in both enzymes activity in brain 
stem, whereas the SSA-DH activity was lower in the hemi-
spheres compared to the control.
The 1 days’ AW was followed by the maximal maintenance 
of  motor excitability of  rats. In this group the SDH activ-
ity was lower in cerebellum, and the SSA-DH activity was 
lower in hemispheres and brain stem.
From 3 till 7 days of  AW a gradual attenuation of  motor 
hyperexcitability and normalization of  behavior in alco-
hol-weaned rats was being observed. 3 days after AW the 
SSA-DH activity significantly rose in the hemispheres and 
cerebellum compared to control group. However, the ac-
tivation of  SSA-DH was not followed by the pronounced 
normalization of  SDH activity in the hemispheres (after 3 
and 7 days of  AW), as well as in the brain stem and cerebel-
lum (after 7 days of  AW).
We may propose that the significant activation of  SSA-
DH in remote terms after AW may indicate compensatory 
transformation of  GABA into succinate occurred because 
of  the alcohol-induced changes in NAD+/NADH ratio. 
The further explorations of  other indices of  GABAergic 
system and TCA cycle might be beneficial for clarifying the 
mechanisms involved in the development of  physical de-
pendence upon alcohol and feasibility of  AW relapses. 
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A microbial electrolysis cell (MEC) is a device that can be 
used to produce hydrogen from renewable biomass. In this 
research we have investigated the ability to use biocatalyzed 
electrolysis in a two chamber microbial electrolysis cell fed 
with a different carbon source content and the improving 
efficiency of  H2 production. Proton exchange membrane 
was installed between two chambers.
The anode chamber carry out anaerobic microorganisms. 
Bacteria were cultivated in anaerobic anodic chamber on 
graphite fiber brush. The anodic oxidation of  organic com-
pounds is the same reaction as the one in the anode of  
microbial fuel cells that harvests electrical energy through 
an external resistance.
In the case of  biocatalyzed electrolysis, hydrogen was pro-
duced at the cathode based on chitosan modified with a 
catalyst. Chitosan is a polysaccharide which is derived 
from chitin. The positive charge of  –NH3 groups in dis-
solved chitosan can attach to negatively charged surfaces or 
adsorb negatively charged materials. In the cathode cham-
ber was ensured anaerobic conditions, where was a reduc-
tion of  protons to hydrogen. An external power source was 
needed to realize hydrogen production.
The performance of  the MEC was evaluated by coulom-
bic efficiency (CE, %), energy conversion efficiency (ECE, 
%) and volumetric hydrogen production rate (Q, m3 H2/
m3/d). The results demonstrate the capability of  the anode 
biofilm community to convert energy. 
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One of  the most important mitochondrial energy-provid-
ing reactions is carried out by the oxidative phosphoryla-
tion system (OXPHOS) in the mitochondrial respiratory 
chain. OXPHOS disorders vary from fatal encephalomyo-
pathies of  early childhood, for example Leigh syndrome, 
to severe diseases of  adulthood, like Alzheimer’s disease 
or Parkinson’s disease [1]. Mitochondrial respiratory chain 
deficiencies are often associated with the increased reactive 
oxygen species (ROS) production.
The aim of  the study was to determine the differences in 
mitochondrial bioenergetic parameters, ROS production 
and antioxidant enzyme levels between studied mitochon-
drial defects. Fibroblasts derived from patients (mutations: 
MTND, SCO2, SURF1, MTATP6, SERAC1, TAZ and 
tRNALeu) with various defined mitochondrial disorders 
have been used as a model of  a self-propelling intracellular 
oxidative stress. Additionally, the level of  p66Shc phospho-
rylation (associated with the increased ROS production) 
has been measured. In order to decrease the global and 
p66Shc-related ROS generation, idebenone (demonstrating 
antioxidant capacities), as well as hispidin (kinase inhibitor) 
have been tested.
Characterization of  bioenergetic parameters and ROS 
production showed that fibroblasts from patients demon-
strate an increased ROS production and attenuated respira-
tory chain activity and have an increased status of  Ser36-
p66Shc phosphorylation. After treatment with hispidin or 
idebenone, decreased ROS production has been observed 
in comparison with untreated cells. This could imply the 
involvement of  p66Shc in the mitochondrial respiratory 
chain related  ROS production.
Principal component analysis of  the data indicates that the 
particular molecular background has a unique impact on 
the mitochondrial dysfunctional pattern.

References:
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end product, activates uncoupling 
protein of Acanthamoeba castellanii 
mitochondria (AcUCP) during State 
3 (phosphorylating) respiration
Andrzej M. Woyda-Ploszczyca, Wieslawa Jarmuszkiewicz

Adam Mickiewicz University, Department of Biology, Laboratory of 
Bioenergetics, Poznań, Poland
e-mail: Andrzej Woyda-Ploszczyca <awoy@amu.edu.pl>

The 4-hydroxy-2-nonenal (HNE), a reactive unsaturated 
aldehyde, is the most abundant end product of  non-en-
zymatic lipid peroxidation of  biomembranes. At a high 
concentration, HNE can be toxic but simultaneously 
HNE, like linoleic acid, is classified as a potent activator 
of  mitochondrial uncoupling proteins (UCPs). In turn pu-
rine nucleotides, e. g. GTP, function as a potent UCP in-
hibitors. UCPs are embedded in the inner mitochondrial 
membrane and catalyze futile proton leak what dissipate 
energy as a heat contrary to an energy-conserving path-
way of  F0-F1-ATP synthase. Complementing earlier stud-
ies, focused on non-phosphorylating respiration (State 4), 
we demonstrated for the first time the HNE-induced UCP 
activation during phosphorylating respiration (State 3) us-
ing isolated mitochondria of  Acanthamoeba castellanii with 
AcUCP. The HNE-induced AcUCP-mediated proton leak 
decreased the efficiency of  ATP synthesis during oxida-
tive phosphorylation in a HNE concentration-dependent 
manner, where 100 μM HNE caused a maximal activity of  
AcUCP without impairment of  the mitochondrial respira-
tory chain. What is more, the contribution of  ATP synthase 
and AcUCP activities to State 3 respiration differed signifi-
cantly when the rate of  the Q-reducing pathway (succinate 
dehydrogenase activity) was decreased by n-butylmalonate. 
At a given HNE concentration (in the absence of  GTP) 
the HNE-induced AcUCP-mediated uncoupling (diverting 
energy from oxidative phosphorylation) remained constant 
and ATP synthesis via ATP synthase decreased when State 
3 respiration decreased. This observation indicates that 
the efficiency of  HNE-stimulated AcUCP activity in mi-
tochondrial uncoupling increases when State 3 decreases 
(the AcUCP contribution to State 3 increases at the ex-
pense of  ADP phosphorylation). In turn the GTP-medi-
ated inhibitory effect of  HNE-induced AcUCP-mediated 
proton leak under phosphorylating conditions was total 
only when membranous coenzyme Q was sufficiently oxi-
dized. This result is consistent with the State 4 (+ linoleic 
acid) of  A. castellanii mitochondria where it has been shown 
that ubiquinol (QH2), but not oxidized Q, functions as a 
negative regulator of  UCP inhibition by purine nucleotides 
(Woyda-Ploszczyca, Jarmuszkiewicz, 2011 Biochem Biophys 
Acta 1807: 42–52). Finally, we proved that a proposed nega-
tive feedback regulation of  mitochondrial ROS formation, 
i. e. the specific autoregulatory loop in which ROS pro-
duction leads to lipid peroxidation and HNE accumulation 
what in turn induce UCP-mediated mild uncoupling result-
ing in a decrease of  ROS formation (Echtay et al., 2003, 
EMBO J 22: 4103–4110), could concern State 4 as well as 
State 3 respiration thus has an important physiological rel-
evance.
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modulates calcium homeostasis in 
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NS1619 (1,3-dihydro-1-[2-hydroxy-5-(trifluoromethyl)
phenyl]-5-(trifluoromethyl)-2H-benzimidazole-2-one) is 
widely used as a large-conductance Ca2+-activated K+ 
(BKCa) channel opener. It was previously reported that 
activation of  BKCa channels by NS1619 could protect the 
cardiac muscle against ischaemia and reperfusion injury. 
This study reports the effects of  NS1619 on intracellular 
Ca2+ homeostasis in H9C2 and C2C12 cells as well as its 
molecular mechanism of  action. The effects of  NS1619 on 
Ca2+ homeostasis in C2C12 and H9C2 cells were assessed 
using the Fura-2 fluorescence method. Ca2+ uptake by sar-
coplasmic reticulum (SR) vesicles isolated from rat skeletal 
muscles and sarco/endoplasmic reticulum Ca2+-ATPase 
(SERCA) activity were measured. The effect of  NS1619 on 
the isometric force of  papillary muscle contraction in the 
guinea pig heart was also examined.H9C2 and C2C12 cells 
treated with NS1619 released Ca2+ from internal stores in 
a concentration-dependent manner. Ca2+ accumulation by 
the SR vesicles was inhibited by NS1619 treatment. NS1619 
also decreased the activity of  SERCA derived from rat 
skeletal muscle. Finally, NS1619 had a profound effect on 
the isometric force of  papillary muscle contraction in the 
guinea pig heart. These results indicate that NS1619 is a 
potent modulator of  the intracellular Ca2+ concentration 
in H9C2 and C1C12 cells due to its interaction with SRs. 
The primary target of  NS1619 is SERCA, which is located 
in SR vesicles. The effect of  NS1619-mediated SERCA in-
hibition on cytoprotective processes should be considered.
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