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DK30reHHble pUOOHYKJIEA3bl OALUIUT MOTYT CEJIEKTUBHO MHAYLMPOBATD allONTO3 3JI0KaYe-
CTBEHHBIX KJIETOK. B paboTe mpoBeneH aHaiu3 crnocoOHOCTH puboHykieassl Bacillus pumilus —
OMHAa3bl — MHIYIIMPOBATH TIPOIIECChI, MPUBOASIIINE K TMHAMUUECKOMY HApYLIEHUIO LIEJOCTHOCTH
MeMOpaH KJIETOK aJIeHOKapLIMHOMBI JIETKMX yejoBeka JUHUM A549. OxapakTepu30oBaHO BIUSI-
HUe (pepMeHTa B pa3IMYHBIX KOHLUEHTPALMSIX HA COCTOSTHUE LUTOIIa3MaTUYECKO MeMOpaHbl
KJIETOK U MeMOpaH MuUToXoHApuil. [Tpu momoliu MeToa0B MPOTOYHON LMUTOMIYOPUMETPUU U
(biryopeclieHTHOI MUKPOCKOIMHU YCTAHOBJIEHO, YTO BO3[eiicTBAe OMHA3bl MPUBOIUT K Hapyllle-
HUIO HOPMAJTBHOTO (DYHKIIMOHUPOBAHUSI MeMOpaH 00OMX TUITOB, TIPUYeM BHavasie HapylIeHUsT
3aTparvBalOT MeMOpaHbl MUTOXOHIpUit. [IpoBeneHHOe MccaenoBaHNe MTO3BOJIWIO BHISIBUTH U
BU3YAIM3UPOBATh ITAMbl BIUSHUS OMHA3bl HA MEMOpaHHBbIE CTPYKTYPhI KJIETOK-MUIIEHEH U
MOATBEPANUTD, yTO OakTepuanbHasgs PHKaza nHaynmpyeT anonTo3 KJI€TOK-MULIEHEH MTpeuMy-
IIECTBEHHO IO “BHYTpeHHEMY” (MUTOXOHIPUATbHOMY) MYTH.

Kmiouessie cnosa: PHKasa, Bacillus pumilus, 6unaza, npomusoonyxoneeas aKkmugHoCmy, no-
épedicoenuss MemOpaH, a0eHoKapyuHoma neeko2o A549

B HacTostmiee Bpems mprcTaTbHOe BHUMAHUE YIIe-
JIsieTcsl ouosiornyeckum addekraM hepMeHTOB-pUOO-
Hykieas (PHKa3), koTopble MOTYT He 3aBUCETb OT UX
HEeTIOCPENCTBEHHBIX KATATUTUYECKUX (DYHKIIMIA: TAKUM,
KaK yJyacTHhe B PEryJsiTOpHbIX CUCTeMax KJIETKU, KOH-
TPOJIb POCTa KPOBEHOCHBIX COCYIIOB, TOKCUYHOCTD TT0
OTHOILLEHUIO K KJeTKaM OITyXoJIeil, 3aluTa OT BUpPYC-
HBIX 1 MUKPOOHBIX TaToreHoB. Oco0bIil MHTEpEeC Mpe-
crapisitor PHKa3wel opraHusmoB, (uioreHeTU4ecKu
JaJIeKrX OT YeJoBeKa 1 BCJIEACTBUE 3TOTO HE TOABEP-
JKeHHbIX neicTBuio mHruoutopa PHKaz B kierkax
miekoruTaommx — PHKa3bl x1aiHOKPOBHBIX TO3BO-
HOYHBIX [1], rpuboB [2] u Gakrepuii [3]. bmaromaps
HAJIMYUIO CEJIEKTUBHOTO LIUTOTOKCUUECKOTO AeHCTBUS
10 OTHOIIEHUIO K 3I0KaueCcTBeHHBIM KileTkam PHKaza
Bacillus pumilus (OrHa3a) MOXeT pacCMaTpPUBaThLCS B Ka-
YECTBE MOTEHLIMAIBHOIO MPOTHBOOITYXOJIEBOTO areHTa.
YcTaHOBIEHO CeNeKTUBHOE IECTBUE OMHA3bl HA KJIETKU
KaplLMHOMBI JIETKOTO YejioBeKa JJuHumM A549 [4], dub-
pobiacTel, 3KCIIpeccupylomme oHkKoreH v-Ras [3],
KJICTKM MUEJIOMIHOTO JIeliKo3a [6], KJIeTKH paka MOJIOY-
HOI XeJie3bl, B TOM YKMCJIe U TPUX/Ibl HeTaTUBHbIE [7].
PHKa3b1 B BHICOKMX KOHLIEHTPALIUSIX OKA3bIBAIOT LIUTO-
ToKcnueckoe [8, 9] u reHoTokcnueckoe aeiicteue [10],
a TaKKe MHTMOMPYIOT aKTUBHOCTh Ca-3aBUCHUMBIX Ka-
JmeBbIX KaHanoB (K. -KaHajioB), MPUBOS K arlonTo3y
[11]. MHrubupoBaHue akTuBHOCTH K -KaHaioB CO-
MPOBOXKIAETCS MOSIBIEHUEM MOP(hOJOrMUECKMX MapKe-
POB aronTo3a (BakyoJu3alys IUTOIIa3Mbl, KOHIEHCA-
1y U (pparMeHTalMs XpoMaTHA, YMEHbIIeHNE 00beMa
KJ1eToK). OHAKO B UMEIOLLIEMCSI MaCCUBE TaHHBIX OT-

CYTCTBYIOT CBEJICHUS O IMHAMUKE M3MEHEHUI (DyHK-
LIMOHAJILHOTO COCTOSIHUSI KJIETOUHBIX MEMOpPaH OITyX0-
JIEBBIX KJIETOK TP JeCTBUY OWHA3BHI.

Llenbio HacTosIIIEl paOOTHI CTAJIO BHISIBJICHUE STArl-
HBIX M3MEHEHUI COCTOSIHUSI LIMTOIIa3MaTUYECKOM
meMOpanbl (IITTM) 1 MeMOpaH MUTOXOHAPUIA KJIETOK
aZicHOKapLMHOMBI JieTkoro JuHuu AS549 mpu obpa-
00TKe OMHAa30iA.

MarepuaJibl H METOIbI

Depmenm. B paboTe UCTIONB30BaIN OMHA3Y — TYaHII-
cneuuduanyo PHKazy Bacillus pumilus (Monekymnsp-
Has Macca 12,3 x/la, pI=9,5, 109 aMUHOKUCIOTHBIX
OCTaTKOB) B BBICOKMX KOHLEHTpausix (100—500 MKr/mit),
JUTS KOTOPBbIX paHee ObUIO YCTAHOBJICHO aroNTOo3-UHIY-
Hupyloliiee 1eliCTBME Ha Psilie TMHUI PAaKOBBIX KJIETOK
[4, 6, 7]. buHa3a ObpUTa M30MIMpPOBaHA KaK TOMOTEH-
HBII 0€JIOK U3 KYJIBTYpaJIbHOM XUIKOCTU MPOAYLIEHTA
10 METOIMKE, ONucaHHoM JlynkuHoii ¢ coasr. [12]. Ka-
TaJINTIYEeCKast aKTHBHOCTh OMHA3bI OXapaKTepru30BaHa
paHee 0 OTHOIIEHWIO K CHHTETHYECKUM CyOCTpaTam
[13] u BeIcOKOTIONIMMepHOi apoxckeBoit PHK [10].

Kaemounaa aunus u ycaosus Kyivmueuposawusi.
KieTku KapuuHOMBI JIETKUX 4ejoBeka JuHuu AS549
(AMepurKaHCKasl KOJUIEKIIMST KJIETOUYHbBIX KYJbTyp, Ma-
Haccac, CIIIA) kynsruBupoBaiu B cpene DMEM (Dul-
becco’s Modified Eagle Medium; Sigma, IepmaHust)
¢ 10% smbpronamsHOM Temstabeit cbrBopoTku (HyClone,
CIIIA), 2 MM rayramuna, 100 ea/mMn neHULWUIMHA U
100 mxr/m ctpenrromuina B atmocdepe 5% CO, npu
temniepatype 37°C. KitleTku ¢ KyJbTypaIbHBIX COCYIOB
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cobMpaIv comiacHO ONMCAaHHOM paHee MeTtoauke [14],
3aceBanu B 96-yHouHBIe TuTaHIeTHl (ibidi, [epmanms)
no 30 M1 cycniensun (10%/mi) kiietox B yHKYy. 1o mo-
cTikeHnH Kietkamu 70% COMKHYTOTO MOHOCTIOS B KasK-
NIyI0 JIYHKY Ti1aHIera no6asssuiv o 100 MK cBexeit
cpeasl DMEM, 3atem uepe3 onpeneaeHHbIe MHTEPBAJIbI
BpemeHnu (0, 4, 8, 24, 48 u 72 4) noGaBsIM OMHA3Y 10
KOHEeUHOI KoHLeHTpauuu 500 MKT/MJI.
Xapaxmepucmurxa nospexcoenuii IIITM npu nomouwu
dayopecuenmmnoii muxpockonuu. C 11e7b10 BbISIBICHMS
MeMOpaHO-TIOBPEXIAIOIIETO NeUCTBUS OMHA3bl MOHO-
CJIOM KJIETOK B Mpo0ax okpaiiurBaiu peaktuBom LIVE/
DEAD (Reduced Biohazard Viability/Cytotoxicity,
L-7013) mo uncTpykumu pupMbI-Tipon3Bogutess (In-
vitrogen, CIIIA). MUKpOCKOIIMYECKUE UCCICIOBAHMS
MpOBOAMIM Ha (pyopeclieHTHOM MuKpockomne Leica
DM 6000B (IepmaHusi); MHTEHCUBHOCTh (IIyopec-
LIEHTHOTO CUTHaJIa PACCYUTHIBAIM C UCITOIb30BAHUEM
KoMMmbloTepHoit mporpammel Leica FW4000.
Llumodghayopumempuueckas demexuus noepexcoeHuti
IIIM u membpan mumoxondpuii. TlapajiesibHO OcCyllie-
CTBJISUIM JCTEKLIMIO U3MEHEHMUSI IOJIA KJIETOK C TTOBPEX-
neHHoil LITIM u Hu3KuM MeMOpaHHBIM IMOTEHLIMATIOM
MHTOXOHIPUI B MOMYJSIIIUM C ITOMOIIBIO JTBOITHOTO
okpaitmBaHus onuaom nporuaus (PI) (Sigma, CIIA)
M TTIOTEHLIMAI-3aBUCUMBIM KpacuTesieM roaumom 3,3’ -am-
rekcunokcakapoounanus (DiOC,) (Molecular Probes,
CIIA) Ha npotounoM uutodayopumerpe BD FACS-
Canto II (Becton Dickinson, CIIIA). PHKa3y BHocuiu
B Cpey KYJIBTUBMPOBAHUST B KOHEUHBIX KOHIICHTPALIMSIX
100 u 300 MKr/MJ1, KJIeTKM MHKYOupoBaiu ¢ pepmeH-
TOM B TedeHue 24 1 48 4. [1o OKOHYaHUU CpoKa UHKY-
Oarmu cpeny KyJIbTUBHPOBAHWS OTOMPAIA M BHOCUIIN
B UCHTPUDYKHBbIE TPOOUPKK IS TIPEIOTBPAIICHUS
MOTEPh KJIETOK, COXPAaHMBIIMX IIEJIOCTHOCTb, HO YXKe
MOTEPSIBILIMX CITOCOOHOCTD K afare3auu. CHSITHE KJIETOK
C KYJBTYpaJIbHbBIX TUIAHILIETOB OCYILECTBISUIA TPUTICU-
Huzanuei (0,25% tpuncun-DJ1TA; ITan®xko, Poccus).
OO0benuHeHHbIE 00pa3lbl LIeHTPUMYrupoBaau 5 MUH
(300g, xomMHaTHasl TemIiepaTypa), OCaJgoK pPecyCIIeH-
mupoBaim B 1 M1 0,01 M docdarHo-coneBoro oydepa
(pH 7,2). 3arem BHOCKIIM B cycnieHsuo Kietok DIOC,
B KOHEYHOI KoHIeHTpauuy 50 HM 1 BbIIEpKUBAJIN €€
20 muH B TeMHoTe nipu Temneparype 37°C. PI no xo-
HEYHOI KOHLIEHTPALUKM 5 MKT/MJI 100ABIISUIM 32 2 MUH
o Havaia uaMepeHuii. [Ipu aHanuse LUToMeTpUUe-
CKMX JaHHBIX OOCUMTBIBAIM XapaKTePUCTUKHU (DIIyo-
PECLIEHTHOTO CUTHAJa Il He MeHee ueM 2 * 10* kie-
TOK ISl K&KA0To 00pasiia B MSTU MOBTOPaX B KaxKIOM
13 TpeX HE3aBUCHUMBIX SKCITEPUMEHTOB.
Koncgpoxaavnas aazepnas muxpockonus. 1151 6osee
MOAPOOHOM BU3yaIu3aldy MeMOpaHHbBIX KOMIApPTMEH-
TOB 00pabOTaHHBIX OMHA301l KJIETOK MCIIOJb30BaIn
KOH(OKAIbHYIO JIa3epHYI0O MUKPOCKOMHUIO C MpUME-
HEeHUEeM KOMOWHAIMHU (hIyOPEeCIeHTHBIX KpacHUTeseit
CellVue Claret Dye (Sigma-Aldrich, CIIIA), koTopbie
TTO3BOJISIIOT IETEKTHPOBATh IIUTOIIA3MAaTHUECKYIO MEMO-
pany, u DiOC,. OkpaluBaHue OCyLIECTBISIN COTIac-
HO pEeKOMEHIAIMSIM TPOU3BOAMTENSI, MCCAeIOBaHUE

MPOBOJWIM Ha JIa3epHOM KOH(OKaTLHOM MUKPOCKOIIE
LSM 780 (Zeiss, [epmaHus).

Cmamucmuueckas oopabomra pe3yasmamos. Cta-
TUCTUYECKYIO 00pa0OTKY JaHHBIX MPOBOIUJIU B MPO-
rpamme Statistica 7.0. Bce akcriepuMeHTbI ObUIM ITPO-
BelleHbl He MeHee YeM B Tpex IoBTopax. B kauecTse
KPUTEPUSI JOCTOBEPHOCTU Pa3IMUMii UCITOJb30BaIN
kputepuit ManHa-¥Yurau (p<0,05).

Pesynbrarnl 1 00CyKIeHHe

J1J1s1 BBISIBJIEHMSI STAITHBIX U3MEHEHUI COCTOSTHUS
MeMOpaH KJIETOK aJeHOKApLUMHOMBI JIETKOTO JIMHUU
A549 Mbl TIpUMeHWIU (QIYOpPECLeHTHbIE KpacuTeau
LIVE/DEAD (Invitrogen, CILIA) u PI, nuddepeH-
LIMAJIbHO OKpAaIlMBAKOIIe KJIETKU C TOBPEXICHHOM
LUATOIIa3MaTUYEeCKO MeMOpaHOM, a TakXKe MOTeH-
uuan-3aBucuMblil kpacutenb DiOC¢, BbIsBIAIOLIMIA
MOBpEeXIeHUsI MeMOpaH MUTOXOHApUiA. brHaza, B0o3-
JIeWCTBYIOIIAsI HA KJIETKU B TeUeHUE 8 4, He OKa3bIBaja
MOBPEXIAIOIIETO NeMCTBUSI HAa MeMOpaHbI (Tabs. 1).
[le10CTHOCTh MOHOCJIOSI HE Hapyllajiach, KOJUYECTBO
KJIETOK, oKpaiuuBaembix Kpacuteiem LIVE/DEAD,
ObUT0O MMHUMAJIbHO U B BapMaHTe ¢ OMHA30i TOCTO-
BEpPHO HE OTJMYAJOCh OT TAKOBOTO B BapuaHTe 0Oe3
00paboTKK. OIHAKO M3BECTHO, UTO B 3TOT BPEMEHHOM
MPOMEXYTOK OMHAa3a WHTEPHAIU3YeTCs KIeTKaMU U
npoHuKaetr B sapo [4]. YcranosneHo, yro y LIITM
KJIeTOK A549 mexny 6-M 1 8-M 4 JeiicTBUS OMHA3bI Ha
14% Bo3pacTaeT MPOHUIIAEMOCTD JIJIST MAaKPOMOJIEKYJI,
U3MEpeHHas1 1o MPOHUKHOBEHMIO B KJIETKU aIbOyMMHa,
MEUYEHHOT'0 TPUITAHOBBIM CUHUM [4], TpuyeM nocie 8 u
npoHuuaeMocts LITTM Bo3BpallaeTcsl K YpOBHIO Ta-
KOBOI B HE0OpaboTaHHBIX KjieTKaX. MOXHO Ipearno-
JIOXUTh, YTO 3TU U3MEHEeHUs nmpoHuuaeMoctu LIITM
CBSI3aHbI ¢ BPEMEHHOM akTUBalLIMEl SHIOLIMTO3a, M0~
CKOJBKY JIOJIST KJeTOK ¢ HapyuieHHo#t LIITM B MoHO-
cJioe Ha 8-ii 4 KyJIbTUBUPOBAHUS B IPUCYTCTBUU (ep-
MEHTa He BOo3pacTaeT 10 CPAaBHEHMIO C BApUaHTOM 0e3
o0paboTku epmeHTOM (Tab. 1, puc. 1, A—E).

C yBenM4YeHUEeM BPEMEHM KYJIBTUBUPOBAHUS TIPO-
KUCXOIWIO YBEJIMYEHUE YHMCIa KIETOK C MOBPEXICH-
Hoii LITTM. Yepe3s 24, 48 u 72 4 pocTa B MOHOCJIOE Ha-
OJfofaIM HE3HAYMTEbHOE BO3pacTaHue Yucia TaKuX
knetok (1,3; 1,7; 2,2% ot 00611ero 4yncia B COOTBET-
cTByIoliee Bpewmst). OOpaboTka OMHA30l ycuIMBaja
9TOT 3 GEKT — J0Js1 KIETOK C MOBPEXKIACHHON MeM-
OpaHoii coctaBuia 2,3; 3,4; 8,4%, COOTBETCTBEHHO, 1
Mnpu AeiCTBMM OMHA3bl B TeueHMHe 72 4 MpeBbICUJIA
KOHTpPOJIbHBIN TMOKa3aTenb B 4 pa3a (Taba. 1). Panee
HaMM ObLTO MOKAa3aHo, YTO MO IeiCTBUEM OMHA3bl He
MPOCTO BO3PACTAET KOJIUYECTBO KJIETOK C MMOBPEXKICH-
HOl MeMOpaHOIl, HO U (UKcUpyeTcsl HapylleHue
GYyHKUMI MeMOpaHHBIX OeJKOB. Tak, M3BECTHO, 4YTO
MOJIOBUHA KJIETOK MOMYJSIUU yepe3 24 4 neiicTBus
OMHa3bI TEPSIIOT CITIOCOOHOCTh pearnpoBaTh Ha aKTUBH-
pylolee aeiicteue noHos Ca’', 3amyckaroliee OTKpbI-
e KaHanoB hSK4 pisa Toka xkanus. [Jaxe B KieTKax,
KOTOpbIE CITOCOOHBI aKTUBUPOBATh KaHAJIbl B OTBET Ha
Ca?*, xanueBblit TOK cHuXeH Ha 30% [11], xoTg 1uuib
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Tabauua 1
3meHeHue B mporecce MHKY0ALMM B IPUCYTCTBHM OMHA3BI YHCJIA KIETOK JiMHUM A549 ¢ moBpeKIeHHoit MeMOpaHoii
- KoauyecTBo Ki1eToK
5 E Oo6padoTka ounazoii (500 Mkr/mu) be3 00padoTkn OuHA30¥
% l§> C T 6 i C " 6 “
g C ne1oii MemBpanoi, MOBPEKIEHHONH MEMOPAHOIA, C nenoit MemGpaHoi, NOBPEKIECHHONH MEMOPAHOW,
= en1./noue 3penusi (% ot oduiero en./moJe 3pennsi (% ot ooero
eJ1./moJie 3peHust e/1./moJie 3peHust
YHCJIA KJIETOK) YHCJIA KJIETOK)
0 143,743,1 1,3£1,1(0,9) 138,31£2,4 1+0,7 (0,7)
4 141£2.0 2,3£2,1(1,3) 142432 1,7£1,0 (1,1)
8 144,7+3,3 1,7£1,3 (1,1) 131£3,1 1£0,6 (0,8)
24 141£1,1 3,3+0,2 (2,3)* 149,7+4,3 2+0,3 (1,3)
48 129+1,8 4,74+0,8 (3,4)* 136+1,7 2,31+0,4 (1,7)
72 108,7+1,2 14,31£2,2 (8,4)* 139+1,2 3+1,2(2,2)

*p < 0,05 npy cpaBHEHMH C COOTBETCTBYIOLINM BapuaHToM 6e3 06padotku PHKazoit.

Buxaza (500 mkrimn)

KoHTpons

48y

724

Puc. 1. Busyanuzaius KJIeTOK KaplIIMHOMBI JIETKOTO yesoBeka A549,

00paboTaHHBIX U He 00pabOTaHHBIX OMHA30il B TeueHue 0—72 4

(A—E). Oxpacka LIVE/DEAD. Knetku ¢ noBpexaeHHOI MmeMOpa-

HOI OKpallleHbl KpaCHBIM LIBeTOM. MaciuTaOHast TuHelKa — 50 MKM.

JlazepHasi koHdoOKaIbHasE MUKPOCKOTHUS KIeToK A549 nocne 24 4

nHky6auuu ¢ PHKazoii (3) u 6e3 Hee (2K). MacuirabHast iuHeika —
5 mxM. Okpacka CellVue Claret u DiOC,

MaJiasl 4acTh KJIETOK okpaiinuBaeTcs Pl kKak KieTku
C TIOBpeXXAeHHOM MeMOpaHoii (Tabr. 1).

JlazepHas koHMOKaabHasA MUKPOCKOIIMS I03BO-
Jiia 3ahMKCUpOBaTh CHUXKEHUE MHTEHCUBHOCTHY (DJTyO-
PECIIEHIIMM MOTEeHIMAN-3aBrcuMoro kpacuresst DIOC,

B MUTOXOHAPUSAX KJIeTOK A549 mociie 24 4 ux MHKyOa-
LMK B MpUcyTcTBUU OuHa3bl (puc. 1, 2K, 3), urto cBu-
JIeTeJIbCTBYeT O BaustHuMM 3k3oreHHoi PHKaswer Ha
DHEPIreTUYECKUI CTaTyC KIIETKMU.

Hcnonbsopanue asoiinoro okpatumsanust DiIOC,/PI
Y MPOTOYHOM LIUTOMETPUU MO3BOJWIO TOUYHEE OXapaK-
TEpPU30BaTh BIUSIHUE OMHA3bl HA MEMOpPaHHBIE CTPYK-
Typhbl KieTok A549. PHKa3za o61anaia cnocobHOCThIO
WHIYLIMPOBAaTh HAPYILIEHUsI KaK LIMTOIJIa3MaTUIECKHUX,
TaK ¥ MUTOXOHIpHaIbHBIX MeMOpaH (puc. 2). Yepes
24 4 KyJbTMBUPOBAHUSI B MPUCYTCTBUU OWHA3BI TOJIS
KJIETOK C HU3KUM MOTEHILIMAJIOM MeMOpaH MUTOXOH]I-
puit (DiIOCy) cocrauna 15% u 27% 115t KOHUEHTPALMA
PHKa3bt 100 mxr/mi u 300 MKT/MJ1, COOTBETCTBEHHO,
B TO BpeMs KaK 3HaueHUe JaHHOTO MoKa3aTesisl B Bapu-
aHTe 0e3 00paboTKM pepMeHTAMU He TTpeBbIano 9%.
VYBesmuenne BpeMeHn nHKyoaunu ¢ PHKazoit no 48 u
MPUYBEJIO K AajibHElIeMy YeueHUo 3¢dekTa; B ciyyae
OoJIbllIel nccaenoBaHHOK KoHIeHTpauuu (300 MKr/min)
JIOJIST KJIETOK C HU3KMM MEMOPaHHBIM ITOTEHLIMAJIOM MU-
ToxoHapuit foctrria 36%. B konuentpaumy 100 Mxr/mi
OMHa3a 3a 3TO BpeMsl yKe He MPUBOANJIA K MOSIBJICHUIO
CTATUCTUYECKU JOCTOBEPHBIX Pa3INUIUii ¢ KOHTPOJIEM
3HAUEHWI MUTOXOHIPUAJILHOTO TOTeHILMana. Bepo-
SITHO, 9TO CBS3aHO C YACTUYHOMW MPOTEOJUTUUYECKON
Jerpajalueil MHTEpHaJIU30BaHHOTO (hepMeHTa KJIeT-
KaMU-MUIIIEHSIMH B XOJI€ IJTUTSIbHON MHKYOAIIUH.

Oxa3zanock, yTo 00paboTKa OMHA30i1 omocpeayeT
HapyleHue nejsoctHoctu LITIM kiietok A549; aTo nos-
TBEPXAAIOT JaHHbIE (DIIYOPECLIEHTHOM MUKPOCKOITUU.
OpHako I0JIs KJIETOK ¢ nepMmeadbuim3oBanHoi 1LIITM
(PI™), ycTaHOBJIEHHAs IIPU IIOMOLIM ITPOTOYHOM LIUTO-
MeTpuu, 0oJiee UeM BABOE MpeBbIlliajga 3HaUeHUE JaH-
HOTO MoKazareJisi, OnpeAeIeHHOr0 MUKPOCKOITUYECKH,
u gocturana 17% B BapuaHTe ¢ 00pabOTKOM (hepMeH-
ToM B KOHLeHTpauuu 300 MKr/Mia B TedeHue 48 4
(puc. 2). DTo MOXET OOBSICHITBCS TEM, UTO ITPOTOKOJI
MOJArOTOBKM 00pa3loB Ajist (hJyopecleHTHONH MUKPO-
CKOITUH TOTTYCKAeT ITOTEPIO KIIETOK, JIMIITABIIXCS azre-
3UBHBIX CBOMCTB. TakuM 00pa3oM, LIMTOMETPUYECKUIA
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aHaJu3 B JAHHOM KOHTEKCTE MpeACTaBiseTcs OoJiee
MPEANOYTUTENBHBIM, TTOCKOJIBKY TTO3BOJISIET COXPAHUTD
BCIO MOMYJISILIMIO KJIETOK U TTPOaHAJIU3UPOBATh UX CO-
CTOSTHUE ¢ 0OJIbIlIelt TOUHOCTHIO.

ITpoBeneHHOE UCCIen0BaHKUE TTO3BOJIUIO BhISIBUTD
U BU3YaJIU3UPOBATh Pa3HbI€ 3Tallbl BIUSHWS OWHAa3bI
Ha MeMOpaHHbIE CTPYKTYpbI KJIETOK-MUIlIeHei. HTep-
Hanuzauust ¢pepMeHTa (puc. 3, b, 2) conpoBoxkaaeTcst
KpaTKOBPEMEHHBIM yBeIMYeHHeM TipoHuLaeMocty LITTM
17151 6€JIKOB, 3aT€M OH OITOCPEAYeT MPOLIECCHI, TPUBO-
NSIIMe K HApYIIEHUIO LIEJIOCTHOCTU MUTOXOHIPHUAJb-
HbIX MeMOpaH (puc. 3, b, 3). lelicTBUTEIbHO, paHee
Mbl MOKa3aJik, YTO OMHA3a aKTUBUPYET KOMITOHEHTbI
“BHYTpeHHero” (MMTOXOHIPUAIBHOTO) IyTH aronTo3a
[6], HEOOXOAMMBIM B3JIEMEHTOM KOTOPOTO SIBIISIETCS
nepdopaliuss MUTOXOHApUAIbHBIX MeMOpaH. Ha 6o-
Jiee TIO3HUX CTaIMSIX arloNTo3a, 3aMyIIeHHOTO IO JaH-
HOMY MeXaHu3My, 0apbepHyIo (pyHkiuio tepser LITTM
(puc. 3, b, 4). Kak cienyer u3 pasjiuuuii B Moay4yeH-
HBbIX HAaMU pe3yJibTaTax (hJyopecleHTHOW MUKPOCKO-
MU U TIPOTOYHOM [TUTOMETPUM, STOT MTPOLIECC COMPO-
BOXIIAETCA MOTEPEN KIETKAMU alT€3WBHBIX CBOWCTB.
KpaiiHe He3HauMTeNbHasl M0Js1 KJIETOK B TMOIMYJISILIUA
¢ niepdopuposanHoii LIIIM u coxpaHUBIIMMM ITOTEH-

o ] DiOce /PIT piocs” / PI*
o
o
=7
o]
) g
°= -
=3 Dioce /P
o
=%
DiOCs
v
< <
v ¥ BuHasa o
DiOCs* / PI
b

1

50 244 50 484

404 EE K 404 EE K '
E=¥ Eu 100 mkrimn * B B 100 merfvn

30 E2 Bw 300 merfmn 30 E3 Bu 300 merimn

*

.

Puc. 2. Jlonst KJIETOK € MOBPEXIEHHBIMU MEMOpPaHAMU B KYJIbTYpe

KJIeTOK TUHUM A549, BKITIOYash KJIIETKU, TTOTEePSIBIIINE CTIOCOOHOCTh

K aare3uu (24 u 48 4 KyJabTUBUPOBAHUS ), TI0 TaHHBIM LIUTOMETPUU.

OOliee KOJIMUYECTBO KJIETOK mpuHATO 3a 100%. PIY — kietkm

¢ nepmeabunmzoBannoi UTIM, DiOC; — KieTKu ¢ HapyleHHOM

MUTOXOHApPUAIbHONM MeMOpaHoii. * — p < 0,05 B cpaBHeHUM
¢ BapuaHToM 0e3 o6padotku PHKas3oit (K)

-
=

E

PI* DiOCe” PI*

o

Hona knetok B nonynaumu, %
[
o

DioCs”

LIMaJl MUTOXOHAPUSIMU, KOTOPAsl IIPU BCEX BapraHTax
00paboTKM He MpeBbilana 1,5%, CBUAETEIbCTBYET O TOM,
YTO y OMHA3bl B UCCJICAOBAHHBIX KOHLIEHTPALUSIX OT-
CYTCTBYET CIIOCOOHOCTb MHAYLIMPOBATh HEKPO3 Kie-
TOK-MUILIEHEN.

TakuMm o6pa3om, B paboTe NMPOIEMOHCTPUPOBAHO
HapyllleHue HOPMaJIbHOTO (DYHKIIMOHUPOBAHUS LIUTO-
I1a3MaTUIeCKOM MeMOpaHbl 1 MEMOpPaH MUTOXOHIPUIA
KJIETOK afieHOKApLMHOMBI JIETKMX YesloBeKa JIMHUU AS549

y * ¢ DiOCs / PI*

.-": «
o \ DIOCs™ / PI”

DiOCs* / PI”

2

Puc. 3. JleiicTBue 5K30reHHOM OMHAa3bl Ha KJIETKKU JUHUK AS49. A — MTOMEeTprYecKoe pacrpeaeeHue KieTok, 00paboTaHHbIX OMHA30M

(300 mkr/mut) B TeueHue 48 4. B — ararbl neiictBust OuHasbl: 1 — mepBUYHOE B3anuMoeiicTBre (hepMeHTa ¢ KJIETKOM; 2 — SHIOIIMTO3, UH-

TMYIMPOBAaHHBIN OMHA301i; 3 — paHHUI anonTo3; 4 — mo3nHuit aronTo3. O003HAYEHUS: KIIETKM 0e3 MOBPEXIeHNIT MeMOpaH — DiOCsJr /PI~;

¢ HenospexaenHoi LIITM u HapyueHHO#i MuToXoHApUanbHOI MemOpanoit — DiIOC,/PI~; ¢ napyuennem LIITM 1 MUTOXOHAPUATBLHBIX
mem6pan — DiOC; /PI*
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11.B. 3eaenuxun u op.

noJ, AeiicTBUeM pubOHyKJeaswbl Bacillus pumilus (6u-
Ha3bl) B pa3IMUHBIX KOHIeHTpauusx. OrpeneneHa
ATaNHOCTh BAMSAHUA OakTepuanbHoit PHKaszpl Ha
MeMOpaHHbBIE CTPYKTYPhI KJIETOK-MUIIEHEH U BhISIB-
JIEHO, YTO BHAYaJIe HAPYIIIEHNS 3aTParnBaloT MEMOpaHLI
MuToxoHaApuii. IlosydyeHHbIEe pe3yasTaThl MOTYT CIIy-
KUTH TTOATBEPXKAEHUEM TOTO, YTO OMHA3a WHIYLIMPYET
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BINASE INDUCED CHANGES OF TUMOR CELL MEMBRANES

P.V. Zelenikhin', A.S. Gorbunova', K. Beuerlein®, A.V. Makeeva'-", O.N. Ilinskaya'
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Exogenous ribonuclease of bacilli can selectively induce apoptosis of malignant cells. The
analysis of the ability of Bacillus pumilus ribonuclease — binase — to induce processes, which lead
to a dynamic disruption of the integrity of A549 human adenocarcinoma cell membranes, was
performed. The influence of different enzyme concentrations on the state of the cytoplasmic
membrane of cells and mitochondrial membranes was characterized. Using the methods of flow
cytometry and fluorescence microscopy, it has been established that binase leads to normal func-
tioning disruption of both types of membranes, with mitochondrial membranes affected first.
The study allowed to identify and visualize the effects of binase on the membrane structures of
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target cells and to confirm that bacterial RNase induces apoptosis of target cells mainly through
the “internal” (mitochondrial) pathway.

Keywords: RNase, Bacillus pumilus, binase, antitumor activity, membranes disruption, lung
adenocarcinoma A549
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