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In cholestatic disorders deranged bile acid homeosta-
sis results in accumulation of these molecules in the cir-
culation and this affects peripheral organs. In the heart,
in particular in neonatal and fetal hearts elevated bile acids
are known to trigger arrhythmia, however there is limited
knowledge about the underlying mechanisms. \We set upon
to delineate mechanisms underlying fetal heart rhythm
disturbances in neonatal rat and mouse cardiomyocytes
exposed to bile acids.

The level of cAMP was measured by FRET micros-
copy in cells isolated from transgenic mice expressing
a FRET sensor pEPAC1-cAMPs. The contraction rate
of myocytes isolated from wild type and TGR5KO mice
was manually recorded. Mitochondrial toxicity was mea-
sured using membrane-bound dye. Acute stimulation for
15 minutes with 100uM bile acids and specific TGR5 ag-
onist, INT777 was used.

The unconjugated bile acids CDCA, DCA and UDCA and,
to a lesser extent, CA were found to be relatively potent
agonists for the GPBAR1 (TGRS) receptor and elicit cAMP
release, whereas all glyco- and tauro- conjugated bile acids
are weak agonists. The bile acid-induced cAMP produc-
tion does not lead to an increase in contraction rate, and
seems to be mediated by the Rl isoform of adenylate cy-
clase, unlike adrenaline-dependent release which is medi-
ated by the Rll isoform. In contrast, bile acids elicited slow-
ing of neonatal cardiomyocyte contraction indicating that
other signalling pathways are involved. The conjugated bile
acids were found to be partial agonists of the muscarinic
M2, but not sphingosin-1-phosphate-2, receptors, and act
partially through the Gi pathway.

High level of cAMP produced in response to unconju-
gated bile acids is mainly attributed to TGRS, but does not
translate into an elevated contraction rate (unlike adrena-
line), which suggests different signalling compartmenta-
tion. Contraction slowing effect of unconjugated bile acids
at higher concentrations may occur due to cytotoxicity.
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Volume regulated anion channels (VRAC) play significant
role in cell biology. Much progress has been made in recent
years in studying their molecular structure and electrophys-
iological properties. The regulation of VRAC at the cellular
level in long-term scale in biological processes such as pro-
liferation, differentiation and apoptosis remains poorly ex-
plored. Estimation of the abundance of the channels at the
cellmembrane in living cells is a necessary step in this work.
VRAC subunit proteins were detected until now mostly
in cells transfected with the somehow tagged VRAC sub-
units, by immunablotting of the solubilized entire cells or cell
membranes or by immunoimaging of the fixed cells. We ex-
plored whether this problem can be solved in native living
cells using flow cytometry and commercially available anti-
body against an extracellular loop of the LRRC8A subunit
known as obligatory for operating VRAC heteromeric chan-
nel. Human lymphoid cells U937 were used as an object and
two types of cell alteration were tested which are supposed
to be followed by an increase in chloride permeability of the
cell membrane: an induction of apoptosis with staurospo-
rine (STS) and cell water balance disturbance in hypotonic
medium. It is found that endogenous LRRC8BA subunits are
detected and their abundance at the cell membrane of the
native living US37 cells can be evaluated using flow cytom-
etry and applied Alomone antibody. It appeared, however,
that cell treatment for 1 h with either STS, or with hypotony
does not cause visible change in the number of LRRC8A
subunits expressed at the cell surface. We conclude that
an increase in the entire chloride permeability of the cell
membrane under considered conditions is not due to an in-
crease in number of channels exposed at the cellmembrane
but alteration of channel properties.
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Monovalent ions are involved in a vast array of cellular
processes. Their movement across the cell membrane
is regulated by numerous channels and transporters.
Identification of the pathways responsible for redistribu-
tion of ions and cell water in living cells is hampered by their
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strong interdependence. This difficulty can be overcome
by computational analysis of the whole cell flux balance.
Our previous computational studies were concerned with
monovalent ion fluxes in cells under the conditions of bal-
anced ion distribution or during transition processes af-
ter stopping the Na*/K* pump. Here we analyze a more
complex case — redistribution of ions during cell apoptosis
when the parameters keep changing during the process.
New experimental data for staurosporine-induced apop-
tosis of human lymphoma cells U937 have been obtained:
the time course of changes in cellular K*, Na*, CI-, and
water content, as well as Rb* fluxes as a marker of the
Na/K pump activity. Using a newly developed computa-
tional tool, we found that alteration of ion and water bal-
ance was associated with a 55% decrease in the Na*/
K*-ATPase rate coefficient over a 4-h period, with a time-
dependent increase in potassium channel permeability,
and a decrease in sodium channel permeability. The early
decrease in [CI"], and cell volume were associated with
an ~5-fold increase in chloride channel permeability. The
developed approach and the presented executable file can
be used to identify the channels and transporters respon-
sible for alterations of cell ion and water balance not only
during apoptosis but in other physiological scenarios.

The research was supported (VY, AV) by the Grant
of Russian Federation (No. 0124-20139-0002, No.
0124-2019-0003).
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Fluorescent probes are a popular and indispensable
tool for monitoring sodium concentration in living cells
in situ. Calibration of fluorescent probes inside cells com-
monly uses ionophores to equilibrate intracellular and ex-
ternal ion concentrations. Here we test this calibration
method using in parallel classical flame emission assay.
Suspension human lymphoma cells allow both flow cytome-
try fluorometric study and flame emission assay. The most
sensitive Na* fluorescent probe ANG-2 and the most com-
mon ionophores were tested. Cellular Na* was altered for
calibration in three different ways: by stopping the sodium
pump with ouabain, by inducing of apoptosis with stauro-
sporine, and by gramicidin or amphotericin B treatment.
We found that ANG-2 fluorescence in cells treated with
gramicidin or amphotericin was about two fold lower than
in the cells with the same sodium concentration but with-
out ionophores. The equal fluorescence measured in the
absence and in the presence of ionophores corresponds
to different cell sodium concentrations. No effect of grami-
cidin on hydrolyzed ANG was observed in vitro. The mecha-
nism, by which gramicidin decreases ANG fluorescence
in cells is unlikely to be physical quenching and remains

obscure. We conclude that ANG fluorescence does not
display realistic cell Na* if fluorescence in cell is measured
in ionophore absence while calibrated in its presence.

The research was carried out within the State task
Ne 0124-2019-0002.
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Vicnonb3oBaHWe pasnuyHbIX Kpuocper crnocobceTBy-
eT MOMy4eHU0 NMocfie 3amMopaxXMBaHWUA XXN3HECMNOCOHHbIX
cnepmaTo3omaoB. OgHako KX KONMMYecTBO He MpeBbilla-
eT MOMOBUWHbI OT M3HavanbHO NOABWXHOM nonynauum [1].
Llensto paboTbl SBUNOCb U3YYeHWe BRAUSHUA npeasBapu-
TenbHOM MHKy6aumm cnepmaTo3ompoB 6bIKOB OO 3aMopa-
XMBAHWA Ha XM3HECNOoCcobHOCTL KNeTok nocne pasmopa-
XuBaHuaA. Jono KNeTok ¢ pasnuyHbiM yHKLMOHANbHBIM
cTaTycoM Onpefensany ¢ NoMoLLbo KpacuTens xnopTeTpa-
umknuH. OueHky cnepmaTo30MAoB NPOBOOMNN C UCMOSb-
30BaHMEM Mukpockona Zeiss € (ha3oBbIM KOHTPacTOM
n anudnyopecueHTHoM onTukon. VlHkybauuio nposBogunm
B MPUCYTCTBMM COEQMHEHWA, OQHO M3 KOTOPbIX CTUMYMN-
poBano B cnepMaTo3ougax 6bIkoB kanaumTaumio (KodeuH,
2 MM), opyroe akTMBMpOBano akpocoMHyto peakuuto (MNP,
10 vr/mn n I'Td, 10 mkM). CoBMecTHOoe B TeyeHne 4 vac
pevcteme INPIT n TP nprBoanno K yBennyYeHno Konm4ye-
CTBa akpocoMa-peakTVBHbIX KIeToK, Torga Kak uHkybaums
B NPUCYTCTBMM KOhenHa BbI3blBana yBeENUYeHWe Ymcna Ka-
NaumnTMPOBaHHbLIX CNepMaTo30Ma0B.

JKmnsHecnocobHOCTbL CNepMaTo30Ma0B OLEHNBANN C MNo-
MOLLbIO KpacuTena nponuguyma vogmpa. CnepmaTtosovgbl
LEeNnVnu Ha ABE rpynbl, KaXQyHo N3 KOTOPbIX MPEABaAPUTENBHO
noaBepranu Npoueaype kanaumTaumm B TedeHve 4 yac, a 3a-
TEM 0JHy rpynny 3amopaxwvBanu, BTopyto — HeT. B kneTkax,
He NofBepraBLUNXCA 3aMOpPaXXMBaHW0, BO BCEX BapuaHTax
3KCMNEePUMEHTOB COOTHOLLEHWE KOIMYECTBA XUBbIX U MEpT-
BbIX KNETOK COCTaBnsAno npumepHo 2 Kk 1. NpensaputensHas
nHkybaumsa cnepmaTto3omaoB ObiKOB Mepen 3amMOpO3KOM
B NMPUCYTCTBMM KodherHa M nocrnepytoLlee pasMopaxmsa-
HVe MPYBOAMNM K YBEMHYEHUIO KONMMYECTBA XM3HECNocob-
HbIX KneTok. B To e Bpems npegBaputenbHaa MHKyHaLms
cnepmatosonfos B npucytcteum NP1 n ' TP He npvsoanna
K POCTY 4MCna XM3HeCNoco6HbIX KNEeTOK rnocne npouenypsbl
3amMopaxxuBaHns,/ oTTamBaHns.

Takum obpasom, Tonbko npeaBapuTensHas MHKy6GaLms
crnepmaTto3ouaoB 6bIKOB Mepel 3aMopaXMBaHWEM B Mpu-
CYTCTBUM KOhenHa, akTVBMPYIOLLIEro POCT YMcna KanaumTu-
pOBaHHbIX KETOK, MPUBOAMNA K YBEMNYEHWIO Y1CNa XN3HE-
CMocoBHbIX KNETOK NOCIe pa3MopaXmBaHus.
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