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We prove the feasibility of evaluation of mitochondrial electron transport chain function in isolated
mitochondria of smooth muscle cells of rats from uterus using fluorescence of NADH and FAD coenzymes.
We found the inversely directed changes in FAD and NADH fluorescence intensity under normal functioning
of mitochondrial electron transport chain. The targeted effect of inhibitors of complex I, Il and 1V changed
fluorescence of adenine nucleotides. Rotenone (5 uM) induced rapid increase in NADH fluorescence due
to inhibition of complex I, without changing in dynamics of FAD fluorescence increase. Antimycin A, a
complex 11 inhibitor, in concentration of 1 ug/ml caused sharp increase in NADH fluorescence and moderate
increase in FAD fluorescence in comparison to control. NaN, (5 mM), a complex 1V inhibitor, and CCCP
(10 uM), a protonophore, caused decrease in NADH and FAD fluorescence. Moreover, all the inhibitors
caused mitochondria swelling. NO donors, e.g. 0.1 mM sodium nitroprusside and sodium nitrite similarly
to the effects of sodium azide. Energy-dependent Ca** accumulation in mitochondrial matrix (in presence
of oxidation substrates and Mg-ATP* complex) is associated with pronounced drop in NADH and FAD
Sfluorescence followed by increased fluorescence of adenine nucleotides, which may be primarily due to Ca**-
dependent activation of dehydrogenases of citric acid cycle. Therefore, the fluorescent signal of FAD and
NADH indicates changes in oxidation state of these nucleotides in isolated mitochondria, which may be used
to assay the potential of effectors of electron transport chain.
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of rats.

itochondria are the key players of cell
M energy metabolism, programmed cell
death and oxidative stress. Polarogra-
phy with Clark electrode is a widely used method
for evaluation of functional activity of mitochondria
through measurement of oxygen consumption rate
by suspension of the organelles of permeabilized
cells in various functional states [1-5]. This method
requires specific equipment and large quantities of
experimental material, yet it does not provide in-
formation on the biochemical processes underly-
ing changes in mitochondrial oxygen consumption.
Therefore, research and development of simple, re-
liable and informative biochemical approaches to
evaluation of functional activity of particular com-
plexes of mitochondrial electron-transport chain are
needed.
NADH (nicotinamide adenine dinucleotide)
and FADH, (flavin adenine dinucleotide) are the pri-
mary electron carriers within mitochondrial electron

transport chain (ETC) (Fig. 1). NADH and FADH,
oxidation leads to translocation of protons through
complexes I, 11l and IV of the mitochondrial inner
membrane into intermembrane space. Proton gradi-
ent and ADP control rate of ATP synthesis by mi-
tochondria. Thus, changes in redox state of NADH
and FADH, are indicators of mitochondria energet-
ics [6-8].

NADH is essential as a coenzyme in catalytic
reactions of the primary metabolic pathways and
also is a dominant component of cellular autofluo-
rescence. After it has donated electrons, primary to
the mitochondrial ETC, NAD* does not fluoresce.
Unlike NADH, FADH, has no intrinsic fluorescence
and FAD has it, which allows for visualization of re-
dox state of these nucleotides using optical methods
without employing fluorescent probes. Therefore,
changes in fluorescence of pyridine and flavin nu-
cleotides may be used to evaluate mitochondria ener-
gy-generating efficiency [8-10].
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Evaluation of redox state of pyridine nucleo-
tides is widely used in biochemical research, in par-
ticular in studies on consequences of oxidative stress
[11-13], cell death detection [8], estimation of level of
postsynaptic neuronal activation [10, 14]. The corre-
sponding experiments were made on carcinoma cells
[15], lung cells [16], heart tissue [17-19]. Changes in
redox state of pyridine nucleotides as the primary
cause of disruptions in mitochondrial respiration
under fluoroacetate toxicity have been studied on
ascitic Ehrlich carcinoma and rat liver mitochondria
[20].

NADH has been described to fluoresce at 450-
460 nm on excitation at 340-350 nm. FAD emits at
530-540 nm on excitation at 450 nm [21, 22]. The
amount of data on changes in fluorescent signal of
NADH under influence of ETC effectors in isolated
mitochondria [5, 12, 20, 23] is limited, and there is
no data on changes in FAD signal. There is also no
information on the corresponding studies on smooth
muscle cell and mitochondria.
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Thus, the aim of the present study was to inves-
tigate NADH and FAD fluorescence as biomarker for
evaluation of functioning of isolated mitochondria
(in the case of myometrium of rats) under the effect
of modifiers of ETC and ion transport.

Materials and Methods

Mitochondria isolation from myometrium. Mi-
tochondria samples were isolated from myometrium
of non-pregnant rats by differentiation centrifuga-
tion, as described [24]. Rats were anesthetized by
diethyl ether inhalation and decapitated. The animal
experiments were conducted in accordance with
guidelines of the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg, 1986).

For the duration of the experiment the isolated
mitochondria fraction was kept on ice. Protein con-
tent in mitochondria fraction was determined by the
standard procedure after Bradford [25]. The mean
content was 2 mg/ml.

2H* 4+ 2H* 4H"
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Fig. 1. Electron transfer and inhibitors of respiratory complexes in electron transport chain of mitochondria.
Complex | - NADH-ubiquinone oxidoreductase, Il —succinate dehydrogenase, 111 — ubiquinone-cytochrome-c
oxidoreductase, IV — cytochrome c oxidase, Q — ubiquinone, QH, — ubiquinol. Original diagram
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Detection of NADH and FAD fluorescence in
mitochondria using spectrofluorometry. The rela-
tive values of NADH and FAD intrinsic fluorescence
were determined with Quanta Master PTI (Canada)
using FelixGX 4.1.0.3096 software. The detection
was done in 2 ml of the following medium: 20 mM
HEPES (pH 7.4 at 37 °C), 2 mM K'-phosphate buffer
(pH 7.4 at 37 °C), 120 mM KCl, 5 mM pyruvate,
5 mM succinate. The aliquots of mitochondria con-
tained 100 pg of protein.

The relative fluorescence of NADH and FAD
was calculated as (F-F)/F , where F is the initial
fluorescent signal and F is the signal at the corre-
sponding time period.

In experiments on rotenone, antimycin and
A23187, a Ca?*-ionophore, the intrinsic fluorescence
of these compounds was taken into account.

Estimation of hydrodynamic diameter of mito-
chondria. Hydrodynamic diameter of mitochondria
was assayed with ZetaSizer 3 multi-angle particle
size analyzer (Malvern Instruments, Great Britain)
equipped with computing correlator type 7032 and
He-Ne laser LHN-111 with A = 633 nm and 25 mW
output. Autocorrelation of laser light scattering on
mitochondria suspension was registered for 1 min,
in 10 series under 90° scattering angle. The autocor-
relation function was calculated with standard PCS-
Size mode v. 1.61 software. The incubation medium
(1 ml) was of the composition described above. Mi-
tochondrial function was aliquoted at 50 pl, which
corresponded to 50 pg of protein.

We used the following reagents: HEPES,
sodium pyruvate, sodium succinate, rotenone, anti-
mycin A, CCCP, NaN,, A23187, ATP, bovine serum
albumin (Sigma, USA), mineral salts of local origin.
The reagents were dissolved in ddH,O with specific
conductance no higher than 1.5 pS/cm, as measured
by OK-102/1 conductometer (Hungary).

Data are presented as mean + SEM; significant
differences between group were evaluated by using
Student’s t-test with P < 0.05 [26].

Results and Discussion

Analysis of emission and excitation spectra
of NADH and FAD in mitochondria fraction of rat
uterus smooth muscle cells. We investigated spec-
trum of NADH fluorescence in mitochondria frac-
tion at excitation wavelength of 350 nm (as deter-
mined by others) [21]. We observed two maximums
of fluorescence at 400 nm and 450 nm (Fig. 2). At
emission wavelength of 400 or 450 nm we deter-

mined two maximums of excitation — at 280 nm and
350 nm. As shown by others, the excitation maxi-
mum at 280 nm is due to tryptophan residues in pro-
tein. At 280 nm excitation tryptophan fluoresces at
300 nm, yet chemical microenvironment shifts this
to a significantly longer wavelength [21, 22, 27, 28].
In this case the maximum of tryptophan fluores-
cence may be at 400 nm (Fig. 2).

The maximums of excitation and emission for
NADH in mitochondrial fraction from rat uterus
myocytes are 350 nm and 450 nm, correspondingly
(Fig. 2, B, C). The maximums of excitation and fluo-
rescence of FAD were at 450 nm and 533 nm (Fig. 3,
B, C), which is in accordance with data by others
[8-10, 16, 21, 22]. Moreover, excitation and emission
spectra of the investigated adenine nucleotides are
matching those of working solutions of the corre-
sponding chemically pure nucleotides (Fig. 2, A; 3,
A). It must be noted that NADH binding to proteins
prevents contact (stacking) between adenine and re-
duced nicotinamide group, which causes increase in
quantum output of fluorescence, although the corre-
sponding effect for FAD has not been detected [21].

Changes in NADH and FAD fluorescence in
mitochondrial fraction in medium with substrates
of respiration. We introduced 5 mM pyruvate, a
substrate of pyruvate dehydrogenase complex that
produced NADH for ETC, and 5 mM succinate, a
substrate of FAD-dependent succinate dehydroge-
nase, into incubation medium in order to produce
the energized state of mitochondria.

NADH fluorescence decreased in time in the
presence of respiratory substrates, which indicates
increase in NAD* content resulting from functioning
of NADH-ubiquinone oxidoreductase (complex 1)
(Fig. 4, A). FADH, content also decreased, with cor-
responding increase in FAD fluorescence, which re-
flects the activity of succinate dehydrogenase com-
plex (complex Il) of ETC (Fig. 4, B, C). Thus, we
observed reciprocity in changes of fluorescence of
flavin and pyridine adenine-nucleotides under nor-
mal functioning of ETC, which is corroborated by
data by others [8-10, 15-17, 29].

Complex I1 is the key enzymatic component of
the citric acid cycle. It catalyzes oxidation of succi-
nate to fumarate in mitochondrial matrix. Succinate
oxidation is coupled with reduction of ubiquinone in
inner mitochondrial membrane. Complex Il is com-
posed of two functional parts. One is the soluble suc-
cinate dehydrogenase, containing a 70 kDa subunit
that covalently binds FAD, and 30 kDa subunit that
incorporates Fe-S clusters. The other is a membrane-
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Fig. 2. Excitation and fluorescence spectra of chemically pure NADH (A, working solution), and of NADH in
mitochondria from rat uterus myocytes (B, C)

bound protein composed of two subunits (12 and Decrease in FAD fluorescence caused by in-
9 kDa) and a heme b. FAD is reduced to FADH, as troduction of respiratory substrates (Fig. 4, B) or in
a results of succinate oxidation to fumarate by the their presence from the start (Fig. 4, C) may be ex-
70 kDa subunit. Further reduction of ubiquinone plained by stimulation of activity of citric acid cycle
(Q), which binds to the 12 kDa subunit, to ubiquinol enzymes, in particular the succinate dehydrogenase.
(QH2) is coupled with FADH, oxidation. The prolonged increase in signal that follows may be

34



H. V. Danylovych

A 40000 - FAD solution

35000 -

30000 .

a.u.

25000 -

20000 | Excitation spectrum

== A,, 530 Nnm
15000 -

Emission spectrum

10000
410 430 450 470

490 510 530 550
nm

B FAD excitation spectrum (mitochondria)

1500 -

1400 -

1300 |

a.u.

1200
1100 -

1000 + } } "
410 420 430 440

450 460 470

; i 4
480 49
nm

C FAD emission spectrum (mitochondria)

1600
1500
1400
1300

a.u.

1200
1100 -
1000
900 -

A, 450 nm

800 T
500 510 520

530 540 550

nm

Fig. 3. Excitation and emission spectra of chemically pure FAD (A, working solution), and of NADH in mito-

chondria from rat uterus myocytes (B, C)

due to intensive oxidation of FADH, resulting from
activation of ETC.

Changes in NADH and FAD fluorescence in
mitochondria under the effect of ETC inhibitors
and CCCP protonophore. Introduction of rotenone

(5 puM), which blocks ubiquinone binding to com-
plex I, into incubation medium caused increase in
NADH content resulting from inhibition of NADH
dehydrogenase of complex I that is reflected as in-
crease in fluorescence of the pyridine nucleotide
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Fig. 4. Changes in NADH (4) and FAD (B) fluorescence in isolated mitochondria of uterus' myocytes in
presence of respiratory substrates pyruvate (5 mM) and succinate (5 mM) or after introduction of both the
substrates in the incubation medium (C), n = 5. Data of a typical experiment
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Fig. 5. Changes in NADH (A) and FAD (B) fluorescence in isolated mitochondria of uterus’ myocytes in
presence of rotenone (5 uM), n = 5. Data of a typical experiment

(Fig. 5, A). This result is in agreement with data ob-
tained on cells from lung, carcinoma, brain neurons,
and isolated brain and myocardium mitochondria [5,
10, 16, 20]. Rotenone did not affect changes in FAD
fluorescence dynamics (Fig. 5, B).

Antimycin A is an inhibitor of ubiquinone-cy-
tochrome c reductase, the complex 111 of ETC, and
blocks electron transfer from ubiquinone to cyto-
chrome c [30, 31].

Introduction of antimycin (1 pg/ml) into incu-
bation medium caused significant increase in inten-
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sity of NADH fluorescence and moderate increase in
FAD fluorescence in comparison to control (Fig. 6).
These results indicate inhibition of complex | and
decrease in activity of complex Il of ETC. In the
presence of succinate in incubation medium com-
plex 11 oxidizes succinate to fumarate and reduces
ubiquinone to ubiquinol, albeit less efficiently. Re-
verse electron transport from succinate to complex |
via ubiquinone, which would raise NADH levels,
may be also possible under these conditions due to
reverse in functioning of NADH-dehydrogenase [5].
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Fig. 6. Effect of antimycin (1 ug/ml) on NADH (A) and FAD (B) fluorescence in isolated mitochondria from

myocytes of uterus, n = 5. Data of a typical experiment
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Fig. 7. Effect of sodium azide (5 mM) on NADH (A) and FAD (B) fluorescence in isolated mitochondria from
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Sodium azide (5 mM) caused more pronounced
decrease in NADH fluorescence than in control, and
also increase in FADH, contents (Fig. 7), which may
indicate blocking of electron transfer from succinate
to ubiquinone. Decrease in FAD fluorescence has
also been observed on lung cells and Ehrlich carci-
noma cells if preincubated with KCN, with simulta-
neous increase in NADH signal [6, 7].

Sodium azide is known to degrade in water so-
lutions, producing hydrazoic acid, hydroxylamine,
and, possibly, nitrogen oxides, which act as reactive
nitrogen species in biological systems. Hence, so-
dium azide may be an "indirect NO donor" [32]. The
primary effects of NO are: 1) high affinity inhibition
of complex IV of ETC, 2) nitrosylation of proteins
containing thiol groups in active center (i.e. pyruvate
dehydrogenase complex and enzymes of citric acid
cycle), 3) nitrosylation of complex I, which results in
marked decrease of its activity [33].

On account of these considerations, we inves-
tigated changes in fluorescence of NADH and FAD

in the presence of sodium nitroprusside and nitrite
(0.1 mM). We found the results to be analogous to
those of the azide effects (Fig. 8).

Thus, we attribute the decreased NADH and
FAD levels under the effect of NaN, to drop in
activity of enzymes of citric acid cycle due to inhi-
bition of ETC in mitochondrial membrane.

Membrane proton gradient dissipation in
presence of CCCP protonophore (10 uM) resulted in
marked decrease in NADH and FAD fluorescence
(Fig. 9). Protonophores act to uncouple respira-
tion and oxidative phosphorylation by elimination
of H* gradient, resulting in compensatory rise in
functional activity of certain elements of mitochon-
drial ETC [34]. Our results indicate higher complex |
activity (NADH fluorescence levels drop rapidly, fol-
lowed by a slower decrease). Decreased FAD fluo-
rescence indicates block in electron transfer from
succinate to ubiquinone. Nevertheless, continued
oxidation of succinate by succinate dehydrogenase
causes increase in FADH, levels.
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Preincubation of isolated mitochondria with mitochondria. Pyruvate dehydrogenase complex

CCCP protonophore caused a decrease in levels of
ionized Ca®* in matrix of the organelles in our ex-
periments, and also results in release of the Ca?* that
had been accumulated in energy-dependent way in
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and NAD-containing dehydrogenases of citric acid
cycle (o-ketoglutarate dehydrogenase and isocitrate
dehydrogenase) are known to be Ca?"-dependent
enzymes [35]. Thus, CCCP causes a decrease in
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Fig. 10. Effect of Mg-ATP* (3 mM) and Ca** (80 uM) on NADH (A) and FAD (B) fluorescence in isolated
mitochondria from myocytes of uterus, n = 4. Data of a typical experiment

mitochondrial matrix Ca ions level, resulting in de-
creased activity of Ca?*-dependent enzymes of citric
acid cycle and succinate dehydrogenase.

Consequently, compensatory restoration of pro-
ton gradient is performed primarily by complex | of
ETC, since this way is energetically more efficient
for mitochondria.

Changes in NADH and FAD fluorescence in
the presence of endogenous effectors. Mitochondria
has been shown to be deeply involved in processes
of intracellular Ca?* signaling due to their capacity
to pool and release Ca?". Ca?* uptake by mitochon-
dria is performed by voltage-dependent ruthenium
red-sensitive Ca®* uniporter with optimal activity
within micromolar range of extramitochondrial Ca?
concentrations [36]. Mg-ATP?# and succinate are re-
quired to be present in the incubation medium for
isolated mitochondria to uptake Ca*" [37].

Mg-ATP? addition (artificial energization of
mitochondrial membrane) leads to increased NADH
and FAD content, which may indicate inhibition of
complex 1. Addition of Ca ions (80 uM) to incuba-
tion medium with its consequent energy-dependent
accumulation in mitochondria (in the presence of
Mg-ATP?) results in rapid drop of NADH and FAD
fluorescent signal that may be caused by a decrease
in electrochemical potential of the inner mitochon-
drial membrane (Fig. 10). The subsequent rise in
NADH level is associated primarily with Ca?*-de-
pendent activation of citric acid cycle dehydroge-
nases and pyruvate dehydrogenase complex [35].
The increase in FAD fluorescence resulting from
stimulation of Ca?* transport in matrix may indicate
intensification of ETC performance, in particular
that of complex I1. Introduction of Ca*"-ionophore

A23187 (10 uM) caused more pronounced increase
in fluorescence of the investigated nucleotides (data
not shown).

Effect of ETC inhibitors on hydrodynamic
diameter of mitochondria. Swelling is important
morphologic sign of mitochondria damage [38].
Mitochondria analysis is done by various means.
Photon correlation spectroscopy is widely em-
ployed to determine the characteristic particle size
(hydrodynamic diameter) of mitochondria. The
mean hydrodynamic diameter of control mitochon-
dria was 547 + 49 nm, which is within their effec-
tive size [39, 40]. Alamethicin addition (7.5 pg/ml)
leads to the increase of hydrodynamic diameter to
773 £ 32 nm. Alamethicin is used as the potentially
least damaging agent for permeabilization of the in-
ner mitochondria membrane [39]. Alamethicin pro-
duces pores with various permeability characteris-
tics as a result of aggregation of its peptides. It is
important to mention that beyond the permeabiliza-
tion of membranes, alamethicin does not disrupt the
inner or the outer membrane, activity of complex |
of ETC and ATP synthase complex, and does not
inhibits citric acid cycle enzymes’ activity (aconitase
and isocitrate dehydrogenase) [41]. Changes in hy-
drodynamic diameter after introduction of alamethi-
cin were taken as control values (100% swelling).

The inhibitors of ETC we used — rotenone,
antimycin, sodium azide, protonophore CCCP —
caused the increase of hydrodynamic diameter of
mitochondria by 40% on average in comparison to
control swelling in presence of alamethicin. There-
fore, inhibition of the corresponding complexes of
ETC impairs its function resulting in drop in elec-
trochemical inner membrane potential. This causes
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disruptions in transmembrane cation exchange, in
particular potassium and P,, which results in orga-
nelle's swelling [42].

Thus, the results of this work, which was per-
formed on fraction of isolated mitochondria from
smooth muscle of uterus, demonstrate the possi-
bility to analyze the functional activity of ETC by
intrinsic fluorescence of NADH and FAD coen-
zymes. Changes in their fluorescence in conditions
when their mitochondrial content is stable reflect
the changes in oxidation and reduction state of these
compounds resulting from activity of the corre-
sponding ETC complexes.

The reciprocity of changes in fluorescence of
the pyridine and the flavin nucleotides under normal
mitochondrial ETC functioning was demonstrated in
the presence of substrates for complex | and I1. In
these conditions we observed a decrease in NADH
signal and increase in FAD signal, which may serve
as a test for ETC functioning.

Analysis of fluorescent response of NADH and
FAD in isolated mitochondria to specific inhibition
of complexes I, 1l and 1V of ETC, and to addition
of protonophore revealed the correlation between
changes in fluorescence of the investigated nucleo-
tides (their redox state) and function of the particular
complexes in ETC of the inner mitochondrial mem-
brane.

Measurements of FAD and NADH fluorescent
signal may be used to assay response to effectors of
ETC functioning. We demonstrated that increased
energization of mitochondria causes inhibition of
complex | of ETC, and that higher Ca* accumulation
results in increased FAD and NADH fluorescence
reflecting activation of Ca®*-dependent activation of
NAD-containing dehydrogenases of citric acid cycle
and succinate dehydrogenase complex.

The perceived absence of the direct link be-
tween effects of chemical compounds on the par-
ticular elements of ETC and the fluorescent signal
from endogenous mitochondrial nucleotides may be
problematic for applications of our approach. This is
due to ETC functioning as a single self-regulating
system, its efficiency greatly depending on activity
of the citric acid cycle enzymes. Hence it is impor-
tant to continue this line of research with the aim
of establishing correlation between effects of a large
number of ETC modulators and the fluorescent re-
sponse. The primary goal of the further work will be
establishing connections between ETC, nucleotide
fluorescence and functional activity of mitochondria,
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in particular their cation transport and polarization
of the inner membrane.

Nevertheless, we consider the methodology of
this study to be of value for research on functional
state of mitochondria under normal conditions and
under effect of modifiers of ion exchange and mito-
chondrial enzyme activity.

The author is grateful to Prof., Dr. S. O. Kos-
terin, Dr. Sc. lu. V. Danylovych, and Dr. O. lu.
Chunikhin for their help in performing the experi-
ments and participation in discussions of results.

OITHKA ®YHKIIOHYBAHH S
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Joseneno MOXJIUBICTh JIOCHIIKECHHS
(YHKIIOHYBaHHSI  €JIEKTPOHTPAHCIOPTYBAJIBEHOTO
JIAHIIOTa B 130JIbOBAHMX MITOXOHJIPISX TJIaJICHb-
KOTO M’A3a MaTKH{ IIypiB 32 BUKOPUCTAHHS BIACHOI
dbmyopecrientiii koeasumiB NADH Tta FAD. Bu-
SIBJICHO TIPOTHJIKHO CIIPSIMOBaHI 3MiHH (Iyo-
pecuentHux curHamiB Bing FAD Ta Bix NADH 3a
HOpPMaJlbHOTO (PYHKIIOHYBAaHHS EJIEKTPOHTpaH-
CIOPTYBalbHOTO JIAHIIOTA MITOXOHApiH. Crpsi-
MOBaHHMI BIUTMB iHTiOITOpiB KomrutekciB I, III
ta IV 3MiHIOBaB (GIyopecHeHIlilo aaecHiHOBUX
HykieoTuaiB. PoreHoH (5 MkM) crnpuyuHIOBaB
piske 3pocranus (ayopecueHuii NADH Bracuinok
iHri0yBaHHS KOMIUIEKCY | 1 He 3MiHIOBaB AMHAMIKY
pocty ¢ayopecuenii Bix FAD. AHTuMinuH A
(1 Mxr/mm; iHTIOITOp KOoMmIuiekcy III) mpusBogms
no piskoro 3poctaHHs (ayopecuennii NADH Ta
noMipHoro 3poctanHs ii y FAD mopiBHSHO 3 KOH-
tponem. Iuribirop IV xommiekcy NaN, (5 MM)
ta mnporonopop CCCP (10 mMxM) 3HHKyBaIH
¢nyopecuenuito Bigx NADH Ta FAD. Kpim Ttoro,
BCl BHINE3a3HA4YeHi IHTIOITOPHM CHPUYMHIOBAIU
HaOyxaHHsa MiToxoHapii. Jlomopu NO — (0,1 MM
HITPOIIPYCUJ Ta HITPUT HATPiIO) 3HIKYBAIU
(hayopecuennito NADH ta FAD monioHo n0 3MiH
¢dyopecuenuii 3a aii azuay Harpito. EHeprozanex-
Ha akymyssmis Ca?* B Marpukc MIiTOXOHApiH (y
MPUCYTHOCT1 CyOCTpaTiB OKHCIIEHHS Ta KOMILIEKCY



H. V. Danylovych

Mg-ATP?) cymnpoBOmKYBadach Pi3KUM 3HHKEH-
M ¢ayopecuenuii NADH ta FAD i3 nogansimmm
poctoM (ayopecueHIii AOCHiIKYBaHUX HYKJEO-
THUIIB, 110, MOXKJIUBO, BiZIOYBA€ETHCS MEPEBAXKHO 3a
paxyHok Ca?'-3ajie)KHOI aKTHBAIlil JerigporeHas
nukiny Kpebca. Otrxe, (uyopecueHTHUN CUTHAJ
Bim FAD ta NADH BimoOpakae 3MiHU OKHCHO-
BiTHOBHOTO CTaHy 3a3Ha4eHUX HYKJICOTHIIB B
130JIbOBaHMX MITOXOHPISIX, IO MO’KHA BUKOPUCTA-
TH JJIsI OL[IHKH BILTUBY e(heKTOpiB PyHKIIOHYBaHHS
€JIEKTPOHTPAHCIIOPTYBAJIBHOTO JIAHITIOTA.

Knmo4uoBi cnoBa: eleKTPOHTPAHCIIOP-
TyBaJIbHHI JaHmior mitoxonnapid, NADH, FAD,
(hyopecrtieHIIis, iHTi0ITOPH, MIOMETPIiH LTy PiB.

OLHEHKA ®YHKIHMOHUPOBAHMU A
JIEKTPOHTPAHCIIOPTHOM LEITN
MUTOXOHJIPUIA MUOMETPHUSI 11O
AYTO®JIYOPECHEHIIMU NADH U
FAD

A. B. [lanunosuu

WacTuTyT Onoxumun um. A. B. [Tannaguna
HAH VYxpaunsl, Kues;
e-mail: danylovych@biochem.kiev.ua

JlokazaHa BO3MOKHOCTB UCCIeJOBaHUs (PyHK-
LIHOHUPOBAHUS DIIEKTPOHTPAHCIIOPTHOW IIETIH B
M30JMPOBAHHBIX MUTOXOHJPHUAX TIJIAJKOM MBIII-
LBl MAaTKU KPBIC C UCIOJNH30BaHUEM COOCTBEHHOI
tdbmayopecnenuu kodH3uMOoB NADH u FAD. Ilo-
Ka3aHa PelHIPOKHOCTh U3MEHEHHH (DIyopecieHT-
HbIX curHaoB oT FAD u NADH npu HOpManbsHOM
(hyHKIIMOHUPOBAHUHU AIIEKTPOHTPAHCIIOPTHON LETTH
MUTOXOHJIpui. HampaBnenHnoe neicTBUe WHTHUOU-
topos I, IIT u I'V KOMIIIEKCOB TPUBOIMIIO K U3MEHE-
HUSAM (IyOpEeCIEeHIINN HCCIETYeMbIX aCHHHOBBIX
HyKJIeoTH0B. PoTeHoH (5 MKM) BBI3BIBANI pe3koe
yBenuueHnue (uyopectiennnn NADH BcnenctBue
WHTUOMpPOBaHUS KOMILIEKca I, mpu 3TOM He u3Me-
HSIS IUHAMUKY yBenuyeHus ¢iayopecuennuu FAD.
AntumuiuH A (1 mxr/mit; uarudurop 111 komriek-
ca) BBI3BIBAJ PE3KOe yBelnueHue (IIyopecreHIInn
NADH u ymepeHHOE B CPaBHEHMHM C KOHTPOJIEM
ot FAD. Uurutburop IV kommiekca NaN, (5 MM)
u nporoHopop CCCP (10 MmkM) npuBOIUIN K CHU-
xenuto ¢uryopectennnu or NADH u FAD. Kpome
TOT'0, BCE NCTIOIb30BAaHHbBIE HHTHOUTOPBI BBI3BIBATH
HaOyxanue mutoxouapuit. Jonopst NO — (0,1 MM
HUTPOIPYCCU]T 1 HUTPUT HATPHS), BHI3BIBAIIN CHU-
xenue dayopecueninn NADH u FAD nono6HO u3-

MEHEHUSIM (pIyopecleHIMu MpH JIeHCTBUM a3ujaa
HaTpHs. DHepro3aBucuMasi akkymysisinus Ca** B ma-
TPUKC MUTOXOHJIIPHH (B MPUCYTCTBUHU CyOCTpaTOB
OKHCIeHUs] 1 KoMmIuiekca Mg-ATP?) compoBosxaa-
Jach pe3kuM cHukeHueMm ¢uyopecuenunn NADH
u FAD c¢ panpHeiimuM poctoM (IyopecleHITNU
aJICHMHOBBIX HYKJIEOTHJIOB, YTO BO3MOXHO IpPOUC-
XOIHT MPEUMYIIECTBEHHO 3a cyeT Ca’ -3aBucHMOi
aKThBaUMu Jerugaporenas mukiaa Kpedca. Takum
o0Opa3om, (yopectieHTHbIH curHan or FAD wu
NADH oto0paxaer W3MEHEHHUS OKHCIHTEIHHO-
BOCCTaHOBUTEJIBHOI'O COCTOSIHUSI UCCIIETYEMBIX HY-
KJIEOTHOB B M30JIMPOBAHHBIX MUTOXOHAPHUSX, UYTO
MOYKHO HCIIOJIB30BATh JUISl OLIEHKH BIHSTHUS dPPeK-
TOpOB (YHKIIMOHUPOBAHHS 3JIEKTPOHTPAHCIOPT-
HOM IIeITH.

KnaroueBble CI10Ba: 3IeKTPOHTPAHCIIOPT-
Has nenb muToxoHApuil, NADH, FAD, dmryopec-
LEHITU S, THTHOUTOPBI, MUOMETPHH KPBIC.
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