BJIMSIHUE MYTAOHI I'EHA MT-CYTB HA COCTOSIHHE KJIETOK
C HAPYIIEHHSIMH, PAZBUBAIOUIUMUCS ITPU ATEPOCKJIEPO3E
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Aunnoraumst. B paGote PACCMATPHBACTCS COBMECTHO® BAMAHME CBAZAHHBIX C aTepoCKIIepO3oM
MyTaumii uutoxpoma B ua (pyHKuHonuposanne JIEKTPOHTPancnopTHolt wenn (DTLY) MHTOXOHAPHH Ha
OCHOBE OLEHKH CKOPOCTH MPORYKIMK MHTOXOHAPHANETHBIX AKTHBHbIX dhopm kucnopoza (MTADK) u
MHTOXONAPHANLHONO MeMOpaiEoro norenuygana (A'Wm).
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ATepocknepos umeer MYbTH(GAKTOPHYIO pHpOzY, KOTOpas NPUBOAUT K Pa3BUTHIO
CHCTEMHBIX HapylleHMH BKIIOYAA OKMCIHTE IbHEI crpecc [I, ¢ 223]. Duporenune
MEXAHU3MBI yBelHYeHus renepaun AMK 3a9aCTyIO CBA3aHEl C HAPYIMICHHAMH paborel
AT, 13 cybneaunuy KOTOPOIi 3aK0aupoOBaHEl B MTIHK[2, ¢ 392], Xapaktepusyroueics
BLICOKOH 4acToToil MyTammii. Kommiekc III wrpaer IJIFOYEBYIO posib B paGore DTIL,
obecneunBas nBukenme JJICKTPOHOB HE TOJIBLKO OT KOMMIexkcos I u II, Ho u ot yyacTaHKOB
OeTa-oxucieHns JKUPHBIX KuCIOT 1 rmuuepon-3-ocharhoro marria, a Tawke BBICTYTIAs
OAHHM M3 HCTOYHHKOB 06pazosanus MTADK. Dro ACJACT AKTYA/ILHBIM BBLICHEHMS POy
ACCOUMHPOBAHHBIX € ATEPOCKIEPO30M MyTanui uuToxpoma B B byuxunonuposanunu
MHTOXOHApHi, BKmoyas 06pasosauue ATD u AQDK.

B pabore ucnonezosamu muuun UHTONNA3MATHYECKAX THOPUAOR ¢ pasauyHBIMK
YPOBHAMHA  TeTeponnasMHUu  MyTaumii uaToXpoma B,  acconumpoBammpix ¢
ATCPOCKNICPOTUYECKHMH [OPAKCHHUIMH COHHEIX aprepuii [3, ¢ 377) — m.G15059A u
m.G14846A: nunus TC-HSMAMI1 (m.G15059A — 38%, m.G14846A - 0%), TC-
HSMAM2 (26%, 25%), TC-HSMAM3 (18%, 36%) n TC-HSM2 (17%, 7%), cosnaunpix na
ocHose THP-1 (1%, 29%). CxopocTs npogykuum MTAQDK, onenennas ¢ HCMOJIL30BaHHEM
3oHaa MitoTrackerRed CM-H2Xros, muis aunun TC-HSMAM!1 cocrauna 225% or xnerok
THP-1, TC-HSMSM?2 — 593%, TC-HSMAM3 — 114%, TC-HSM2 — 844% (otnuyms ot
THP-1 smstotes cratueriyecky SHAYUMBI pu yposne p<0,001). Hockoneky npoxyxims
MTADK MOXeT GbITh TeCHO CBI3aNa ¢ A¥m, Gbna nposezeHus onenxa ero BEJIHYUHBI TIpH
TIOMOILY 30HAA TeTpaMeTHIposaMuHa. Benuynuna Aym y muauu TC-HSMAM1 OKa3aJlachk
Boiie THP-1 (120%) (p<0,05), B T0 Bpems Kax y smann TC-HSMAM3 — amxe (72%)
(p<0,001). g nuuuii TC-HSMAM2 u TC-HSM2 stor nokasarens paseH 116% u 114%
COOTBETCTBEHHO. CONOCTaBNeHHE MPECTaBIEHHEIX AQHHBIX TOKAa3bIBACT, YTO CKOPOCTH
fpoaykunn MTAPK u A¥Ym 3aBucaT ot coueranmns paccMaTpuBaeMbIX MyTaLmii.
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[Mockonsky m.G15059A mpuBoanT Kk (OPMHPOBAHMIO yYKOpoYeHHOro Oenka,
KOTODBIit, CY/I 1O SKCTIEPUMEHTaILHBIM JAHHEM, BeTpansaeTes B kommeke 11, a1o moxer
NPMBONTE K M3MEHEHHMIO JBHKEHUA 3IEKTPOHOB B pamkax Q-IMK/a i YBETHIEHHIO YTCYKH
Ha kucnopon. Ilpm aTom nporonTpancriopTHas (yHxuus xomninekca III, Bugumo, maxe
yennupaercd. Onuaxko nosbiiuexHue rereporniasvuu m.G14846A cHwKaeT JaHHbIH apdexr.
BepoATHO, 3TO CBA3AHO C TAKHMU CTPYKTYPHBIMHM H3MEHEHHAMH LMTOXpoMa B, koTopsie
yIKe MckmoualoT ero Berpansanue B ITL u npuBoaaT k cHwkenuio npoayxmin MTADK u
penuunnsl AWm. B pesynsraTe 3TOro MpOMCXoAuT oOpasoBaHue (yHKUMOHANLHOTrO
komrutekca IIl  yBennyenue cuntesa AT®, yTo MOATBEPIKAAETCS JAHHBIMH O KOJMYECTBE
rocnenHero B kinerkax: TC-HSM2 — 0,32 umons/vuH x1; TC-HSMAMI = 1,04 umones/MiH
wr; TC-HSMAM2 — 2,2 amons/MiH ki1; TC-HSMAM3 — 2,48 umons/Man k1. [onyuenHas
uHdOpMAaLKA MOjKkeT OBITH OJIHMM M3 0OBsCHeHHil JlauHbIX 00 areporenroctd m.G15059A
u anTnareporesHoctd m.G14846A [4, ¢ 954].

PaGora BEMONHeHa Npu nommepkke rpaunrta Poccuiickoro wayusoro (ouzma
(ynpamenTansueix Heenenopanui Ne 22-15-00317
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Abstract In this work we consider the joint effect of cytochrome B (Cytb) mutations associated
with atherosclerosis on the functioning of the mitochondrial electron transport chain (ETC) based on the
estimation of mitochondrial reactive oxygen species (mtROS) production rate and mitochondrial membrane
potential (A%Wm).

Keywords: mitochondrial genome, atherosclerosis, mutations, ROS

Atherosclerosis has a multifactorial nature that leads to the development of systemic
disorders including oxidative stress [1, p. 223]. Endogenous mechanisms of ROS generation
increase are often associated with disturbances of ETC, 13 subunits of which are encoded in
mtDNA [2, p. 392], characterized by a high frequency of mutations. Complex 111 plays a
key role in ETC function, providing electron flow not only from complexes I and II but also
from participants in fatty acid beta-oxidation and the glycerol-3-phosphate shuttle, as well
as acting as one of the sources of mtROS formation. This makes it relevant to elucidate the
role of atherosclerosis-associated Cytb mutations in mitochondrial functioning, including
ATP and ROS formation.

We used cytoplasmic hybrid lines with different levels of heteroplasmy of Cytb
mutations associated with atherosclerotic lesions of carotid arteries [3, p. 377] - m.
G15059A and m.G14846A: TC-HSMAM1 (m.G15059A - 38%, m.G14846A - 0%), TC-
HSMAM2 (26%, 25%), TC-HSMAM3 (18%, 36%) and TC-HSM2 (17%, 7%) lincage
derived from THP-1 (1%, 29%). The rate of mtROS production, assessed using the
MitoTracker Red CM-H2Xros, for the TC-HSMAMI line was 225% of THP-1 cells, TC-
HSMSM2 was 593%, TC-HSMAM3 was 114%., and TC-HSM2 was 844% (differences
from THP-1 are statistically significant at the p<0.001 level). Since mtROS production may
be closely related to AWm, its value was assessed using a tetramethylrhodamine. The value
of A¥m in the TS-HSMAM 1 line was higher than THP-1 (120%) (p<0.05), while in the TS-
HSMAM3 line it was lower (72%) (p<0.001). For TS-HSMAM2 and TS-HSM2 lines, this
indicator is 116% and 114%, respectively. Comparison of the presented data shows that the
rate. of mtROS production and A¥m depend on the combination of the mutations
considered.

The presence of the m.G15059A mutation leads to a shortened protein formation that
is incorporated into complex III, resulting in a change in electron movement and increased
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leakage to oxygen. This enhances the proton transport function of complex ITI. However,
the increased presence of the m.G14846A mutation reduces this effect, possibly due to
structural changes in Cytb that prevent its incorporation into the electron transport chain.
This leads to a decrease in mtROS production and A¥m value, resulting in the formation of
functional complex IIT and an increase in ATP synthesis. The data on ATP levels in cells
further supports this: TC-HSM2 — 0,32 nmol/mill cells; TC-HSMAMI - 1,04 nmol/mill
cells; TC-HSMAM?2 — 2,2 nmol/mill cells; TC-HSMAM3 - 2,48 nmol/mill cells. The
obtained information may be one of the explanations for the data on atherogenicity of
m.G15059A and antiatherogenicity of m.G14846A [4, p. 954].

This work was supported by Grant No. 22-15-00317 of the Russian Science

Foundation.
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