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Identification of nitric oxide in mitochondria of myometrium cell
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Aim. To demonstrate the possibility of NO synthesis in intact myocytes of uterus. Methods. Confocal
scanning microscopy method, NO-sensitive fluorescent probe DAF-FM, MitoTracker Orange CM-H,T-
MRos. Results. The basal production of NO in intact myocytes was shown using DAF-FM. Incubation
of myocytes with NO donor — sodium nitroprusside (SNP) — led to an increase of the DAF-FM-T fluo-
rescent signal. On the contrary, the addition of NO-synthase inhibitor — N-nitro-L-arginine (NA) — results
in the reduction of fluorescent intensity. It was demonstrated colocalizition of specific probe for mito-
chondria MitoTracker Orange CM-H,TMRos and NO-sensitive dye DAF-FM. Conclusions. For the first
time it has been demonstrated the presence of NO in smooth muscle cell mitochondria using laser confo-
cal microscopy, NO-sensitive probe DAF-FM and specific marker of the functionally active mitochon-
dria MitoTracker Orange CM-H,TMRos.
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Introduction

Nitric oxide (NO) plays an essential role in many phys-
iological processes, particulary in vasodilation, neuro-
transmission, immune responses, efc. [1, 2]. There are
convincing proofs of the functional role of NO as a to-
colytic agent. The ability of nitrocompounds to modu-
late activity of the Ca?*-transport system in myometri-
um cells was established [3]. At the same time, the
identification of sources of its biosynthesis in the uterus
myocytes is still a problem, because of a short time of
existence and a high reactivity of nitric oxide.

The presence of the Ca?*-dependent isoforms of
NO-synthase in mitochondria (mtNOS) was proved
by immunohistochemical methods for single tissues
[4-6]. On the one hand, nitric oxide can regulate the
activity of electron transport chain in mitochondria
through a reverse decrease in the cytochrome c-oxi-
dase activity, and control of mitochondria pH. On
the other hand, an excess production of NO together

with intensification of the superoxide anion forma-
tion in mitochondria is accompanied by the perox-
ynitrite generation, damage of the respiratory chain
components, mitochondria depolarization and the
apoptosis development [4—6]. So in general, the mi-
tochondria and cells life and destruction depend on
the level of NO production. This indicates the im-
portance of identification of NO biosynthesis in the
intact cells mitochondria.

Modern fluorescent probe DAF-FM allows the re-
cording of NO production, even the registration of
the low NO concentrations (2—5 nM) in intact cells;
the laser confocal microscopy method allows the vi-
sualization of the NO formation and the confirma-
tion of the link of NO biosynthesis by these orga-
nelles using specific probe for mitochondria [4, 7].

So, the purpose of this work was to demonstrate
the possibility of NO synthesis in the intact myo-
cytes of uterus by energized mitochondria using the
sensitive fluorescent dye DAF—FM, the selective
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marker for mitochondria MitoTracker Orange CM-
H,TMRos and confocal laser scanning microscopy.

Materials and Methods

Myocytes were isolated from the uteruses of white
nonlinear nonpregnant rats, by the method of Mollard
using collagenase and soybean trypsin inhibitor [8].
The animals were narcotized by inhalation of diethyl
ether, after that they were decapitated. All regulations
for the work with laboratory animals were maintained
(International Convention, Strasbourg, 1986).

Spatial distribution of fluorescent dyes in cells was
investigated by the confocal laser scanning micro-
scope LSM 510 META («Carl Zeiss», Germany).
Myocytes were immobilized on poly-L-lysine. The
cell immobilization, removal of unattached myocytes
and all experimental procedures were conducted in
physiological Henks’s solution (mM): NaCl — 136,9;
KCl - 5,36; KH PO, — 0,44; NaHCO, — 0,26; Na H-
PO, - 0,26; CaCl, — 0,03; MgCL, - 0,4; MgSO, - 0,4;
glucose — 5,5; Hepes (pH, 7,4, 37 °C) — 10 [9]. For
myocytes permeabilization digitonin was added to the
solution to a final concentration of 0.1 %.

For the visualization of mitochondria and cell nuc-
leus the fluorescent dyes MitoTracker Orange CM-
H,TMRos (200 nM) and Hoechst 33342 (50 nM) were
used respectively [10]. The loading of immobilized
myocytes with NO-sensitive fluorescent probe DAF-
FM (C, H F,N O, 4-amino-5-methylamino-2',7"-dif-
luorescein, diaminofluorescein-FM) in concentration
10 uM was carried out for 15 min at 24 °C.

The experiments with confocal microscopy were
performed in Multi Track mode. The Multi Track
function permits several tracks to be defined as one
configuration for the scan procedure. Each track is a
separate unit and can be configurated independently
of the other tracks with regard to channels. Fluo-
rescence of Hoechst 33342 was excited using laser
wavelength 405 nm, and registered with the filter BP
420-480. For MitoTracker Orange CM-H,TMRos,
the fluorescence laser at the wavelength of 543 nm
was used, and fluorescence was registered in the
range of 560—615 nm (filter BP 560-615); DAF-FM
fluorescence was excited at the wavelength 488 nm,
and the emission was collected in the 505-530 nm

signal range (filter BP 505-530) [http://www.lifete-
chnologies.com/order/catalog/product/D23844, 9].
The study of fluorescent dye distribution in a cell
was performed in Time Series mode. For the quan-
titative analysis of the time-dependent fluorescence
intensity of the cell, the ROI (Region Of Interest)
mode was used.

The data are presented as mean £ SEM [10].

In the work the following reagents were used: He-
pes, glucose, saccharose, digitonin, sodium succina-
te, bovine serum albumin, poly-L-lysine, collagenase
type 1A, ATP, Pluronic F-27, DAF-FM, EGTA, Ca-
Cl, (Sigma, USA); DiOC(3), Hoechst 33342, soybean
trypsin inhibitor (Fluka, Switzerland); MitoTracker
Orange CM-H,TMRos (Invitrogen, USA).

Results and Discussion

In the experiment an active acid form of DAF (DAF-
FM) was used. It interacts directly with NO in the
presence of O,, forming triasole-fluorescein (DAF-
FM-T) derivative, that has high quantum yield of
fluorescence [7, 11]. The efficiency of DAF-FM en-
tering into myoplasm was increased by permeabili-
zation of the plasma membrane by 0.1 % digitonin,
although the dye can penetrate partially through the
membrane into a cell by diffusion [12]. The treat-
ment of cells by the detergent significantly reduces
the contribution of NO-synthase associated with the
plasma membrane in a fluorescent signal. On the
other hand, the dye entering the mitochondria was
increased. These studies revealed (Fig. 1), that there
was green fluorescent signal after pre-incubation
with DAF-FM. The result reflects a basal NO pro-
duction [4]. The signal was not associated with the
cells autofluorescence in this area. A high sensitivity
of the used dye permits to register a basal level of
NO in myocytes, that is formed as a result of the
constitutive NO-synthase functioning.

The signal is detected in the cell myoplasm, map-
ping its contours and forming the heterogeneous
dyed areas. There were the NO-positively dyed areas
also in the nuclei, and sometimes outside the cells, as
a result of the diffusion.

The incubation of myocytes with 0.1 mM sodium
nitroprusside (SNP) — NO donor — led to a substantial
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Fig. 1. Distribution of DAF-FM-T (green color)
and Hoechst 33342 (blue color) fluorescent sig-
nals in myocyte
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Fig. 2. Increase in the intensity of fluorescent DAF-FM-T signal in myocytes after SNP

addition; DAF-FM-T — green color, nucleus probe Hoechst 33342 — blue color
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Fig. 3. Changes in fluorescent intensity of DAF-FM-T in myo-
cytes with adding NA and SNP: MitoTracker Orange CM-H, T-
MRos, red curve, channel 1; DAF-FM-T, green curve, channel
2; Hoechst 33342, blue curve, channel 3
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Fig. 4. Quantitative analysis of DAF-FM-T fluorescent intensity
changes in myocytes after adding NA and SNP relative to con-
trols without these substances (100 %); M £ m, n =3-7
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increase of fluorescent signal (Fig. 2). The fluorescence
increased in myocytes and outside the cells, because
NO was generated by SNP outside the cells too.

The incubation of cells with increased concentra-
tion (0.1 and 0.2 mM) of N-nitro-L-arginine (NA) —
a nonselective inhibitor of the Ca*-dependent iso-
forms of NO-synthase [13] — was accompanied by
the dose-dependent reduction of DAF-FM-T fluores-
cent intensity on average by 20 % (0.1 mM inhibi-
tor) and 40 % (0.2 mM inhibitor). The growth of
fluorescent response with adding SNP occurred in
the presence of inhibitor (Fig. 3, 4).

These results show that DAF-FM responds to NO.
DAF-FM does not test a level of a wide range of the
active nitrogen and oxygen metabolites, for example
NO,, NO,, ONOO:, ‘O,, H202’etc. [4]. There are
good reasons to use DAF-FM for detection of nitric
oxide in intact cell in our further investigations.

Colocalization of the NO-sensitive dye DAF-FM

Fig. 5. Distribution of fluorescent dyes MitoTracker Orange
CM-H,TMRos (left figure, red color) and DAF-FM-T (right fig-
ure, green color) in myocyte
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Fig. 6. Comparison of the fluorescent dyes distribution profiles, that are specific for mitochondria (MitoTracker Orange CM-H,TM-
Ros, red curve, channel 1), nitric oxide (DAF-FM-T, green curve, channel 2) and nucleus (Hoechst 33342, blue curve, channel 3) in

two immobilized myocytes

and the specific probe for mitochondria MitoTracker
Orange CM-H,TMRos, accumulated only in the in-
tact energized organells [14], was demonstrated by
the next studies (Fig. 5).

The computer analysis the image outside the cell
nucleus has revealed an identical distribution of both
fluorescent dyes (Fig. 6).

We have shown the potential presence of NO in
mitochondria of uterus myocytes. Nonetheless, the
nitric oxide biosynthesis in cells is linked not only
with mitochondria. Constitutive NO-synthase is as-
sociated with the plasma membrane, sarcoplasmic
reticulum and other intracellular structures. NO,
synthesized by these structures, can diffuse to mito-
chondria and vice versa. Further researches are nec-
essary to clarify the subcellular distribution of NO-
synthases in the intact cells.

Conclusions

In this work for the first time the presence of NO in
smooth muscle cell mitochondria has been demon-
strated using the laser confocal microscopy, NO-
sensitive probe DAF-FM and specific marker for the
functionally active mitochondria MitoTracker Or-
ange CM-H,TMRos. It has been also shown that the
amount of NO changes in the presence of the nitric
oxide donor and NO-synthase inhibitor.
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InenTudikaunis oxcuay asory
B MITOXOH/IPisIX MiOIUTIB MaTKHU

10. B. Manunosuy, C. O. Kapaxim,
0. B. Konowmienp, I'. B. Jaaunosuy, C. O. Koctepin

Mera. IIponemoHcTpyBaté MOXIHBICTE cuHTe3y NO B iHTaK-
THUX MionHUTax Matku 1rypis. Mertoaun. KondokanbHa ckaHyio-
4ya mikpockorisi, NO-uyTiuBuii ¢uryopecuentauii 3ou1 DAF-
FM, MitoTracker Orange CM-H,TMRos. Pesyanratu. [Tokasa-
HO Ga3zanbHy Tpoaykiiro NO B IHTAKTHHX MIOIMTaX 3a JOMO-
Mororo ¢uryopectienTHoro 3061y DAF-FM. Bracninok iHky0Oa-
uii xmtuH 3 goHopom NO HiTpompycmaom Harpito (SNP)
CIOCTEpIiraioch 3pocTaHHs (uryopecueHTHOro curaainy DAF-
FM-T. | naBnaku, BHeceHHs iHri0iTopa NO-cunTa3u — N-HiTpo-
L-aprininy (NA) — npu3Boawmiio 1o racinus ¢uryopecrentii. {o-
BEJICHO KOJIOKAJi3allito (IIyOpECIEHTHOTO MIiTOXOHIPIATbHOTO
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mapkepy MitoTracker Orange CM-H,TMRos Ta NO-uyTimBoro
3ou1y DAF-FM. BucHoBku. Briepire nokaszano nasBaicTs NO
B IVIaJICHBKOM 130BHX KIIITHHAX MAaTKH, 1 30KpeMa B MiTOXOH/pi-
X, 13 3aJy9eHHSIM METOy J1a3epHOi KOH(OKaIBHOI MIKPOCKO-
nii, NO-uymmuBoro 30u1y DAF-FM Ta cnienudiuynoro Mapkepy
($yHKIIOHATBPHO aKTUBHUX MiToxonapii MitoTracker Orange
CM-H,TMRos.

Kaw4yoBi cmoBa: okeun asory, Miomerpiit, DAF-FM, koH-
(hoxanbHA MIKPOCKOITis.

HNnenTuduxkanus okcuaa a3ora
B MUTOXOH/IPUSIX MHOIIUTOB MAaTKH

10. B. Janunosuy, C. A. Kapaxum,
0. B. Konomuern, A. B. [lanunosuy, C. A. Kocrepun

Ieas. [IponemoncTprpoBars BO3MOXKHOCTh cuHTe3a NO B HH-
TaKTHBIX MUOIIUTaX MaTKH KpbIc. MeToabl. KoHdoxaapHas cka-
HUpYIomas MUKpocKonusi, NO-9yBCTBUTENBHBIH (HIIyOpecIieHT-
e 301 DAF-FM, MitoTracker Orange CM-H, TMRos. Pe3y.ib-
Tatbl. [lokazana 6a3anbHas npoaykiust NO B HHTaKTHBIX MHO-
IIUTaX ¢ MUCIOJIb30BaHUEeM (ryopeciieHTHOro 30u1a DAF-FM.
Wuky6anus MUOIIUTOB ¢ JOHOPOM NO — HUTPOIIPYCCHIOM Ha-
Tpust (SNP) — mpuBoamiIa K NOBBIIICHUIO (IyOPECIEHTHOTO
curHana DAF-FM-T. U nao6opor, BHeceHnune narudoutopa NO-
cuHTa3bl — N-HUTpO-L-apruanna (NA) — CHMKaJIO MHTEHCHB-
HocTh (uiyopecueHimu. [TokazaHa komokanausaius ¢uyopec-
LIEHTHOTO MHUTOXOHApHanbHOro Mapkepa MitoTracker Orange
CM-H,TMRos u NO-uyscrurensnoro 3ou1a DAF-FM. Bei-
BOAbI. BriepBrie mokasano npucyrcreue NO B IIagKOMBIIIEd-
HBIX KJIETKaX MaTK{, B YaCTHOCTH MUTOXOHJAPHSX, C HCIOJIB30-
BaHHEM METOJa Jla3epHON KOH(OKAIbHOU MHUKpockomuu, NO-
yyBcTBHTENBHOTO 30HAa DAF-FM 1 cnennduueckoro mapkepa
(YHKIMOHAJIBHO aKTUBHBIX MUTOXOHApHi MitoTracker Orange
CM-H,TMRos.

KawueBsie cJoBa: okcra asora, Muomerpuid, DAF-FM, kon-
(hoxanbHAsE MUKPOCKOITHSL.
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