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OcylecTBIeH CHHTE3 HOBBIX MOJIMKATUOHHBIX aM(UMUIOB, ComepXKallixX B CBOSI CTPYKTYpe TUCYIbhOUI-
Hy!o rpyrny. Ha ocHOBe nmoy4yeHHbIX COeAMHEHWI 1 INTuaa-xennepa 1,2-nuoneoui-sn-raiepo-3-goc-
dbarnamusTaHoaMrHa cOOpPMUPOBAHBI KATUOHHBIE JIMITOCOMBI, KOTOPbIE TTPOIEMOHCTPUPOBAIN OTCYT-
ctBUe TokcnyHocTH 11 KitleTok HEK?293 1 HelLa 1 BeIcOKYy10 3(p(peKTUBHOCTD JOCTaBKU (PIyopeCeHTHO-
MEUYEHOT0 OJINTO/Ie30KCHpUOOHYKIIeoTHIa. DddexkTuBHOCTD nocTaBku tasmMunHou JITHK pEGFP-C2 3a-
BHUCeJIa OT KJICTOYHOM JIMHUU U CTPYKTYPbl aMduduia, Ipu 3TOM JIUITOCOMbI HA OCHOBE TeTPpaKaTUOHHBIX
amMudunI0B OKa3aIrch HanboJjee 3G eKTUBHEIMU TPpaHC(HEKTaHTaMU, KOTOPBIE MOTYT OBITh MCITOJIb30Ba-
HBI U151 TpaHChEeKIMY 3yKapUOTUUECKUX KJIETOK M Vitro, a TAaKXKe ISl IPOBEAeHUS TalbHENIITNX OMOJIOTH -

YeCKMX UCTIBITaHUA in vivo.
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BBEIAEHUE

bricTpoe pasBuUTHE TEXHOJOTMM PEKOMOMHAHT-
HbIX JIHK, MeTomoB nepeHoca miasMuaHbix JJTHK B
KJIETKY U BBISICHEHUE MOJIEKYJISIPHBIX OCHOB MHOTUX
3a00JieBaHU i1 MPUBEJIO K BOZHUKHOBEHU IO HOBOI 00-
JIaCTU MEAWIIMHBI — TeHHOW Tepanuu. DTOT METO.N
JIeYEHUsT HACIEACTBEHHBIX U IMTPUOOPETEHHBIX 3a00-
JIeBaHUIA OCHOBAaH Ha BBEIEHUMU B KJIETKU TepaIeBTU-
yeckux HykiaenHoBbIX KuciaoT (HK) ¢ menbio Ha-
MPaBJICHHOTO YCTPAHEHUSI TeHEeTUYEeCKUX Ne(EKTOB
WIN TIPUIaHUS KJIeTKaM HOBBIX QyHKuMit [1]. [mas-
HOE YCJIOBUE YCTEIIHOro MpuMeHeHUsI FTeHHOM Tepa-
nuu — apdexTuBHasg noctaBka HK B kieTku-muiie-
HU Y CO3[IaHWE YCIOBUI IS €€ JIUTENbHOTO (hyHK-
LIMOHUPOBAHUS BHYTPU KJIETOK.

B nacrosiee BpeMmst Hanbosee 3 (eKTUBHBIMU
cuctemamu goctaBku HK cuntaloTcst BUpycHBIE BEK-

Cokpamenus: KJI — katnonnsle mnocoMmbl; HK — Hykien-
HoBble KuciaoThl; nJIHK — mmasmuanas JHK; CDI — 1,1'-kap-
oonmnmunmunason; DOPE — 1,2-nuoneounsi-sn-rauiepo-3-
dochartununstanonamud; EGFP — ycuieHHbIn 3eieHbIi
diryopecueHTHBIN 6e10K; FBS — aMmOpuoHanbHass ObIYbs CHI-
BopoTka; FITC-ODN — onurone30KCUprOOHYKJICOTH T, MEYCH-
Hb1 iyopectienHom; MTT — 3-(4,5-muMeTmaTrason-2-m)-
2,5-mudpenun-rerpazonanym opomua; TBTU — 2-(1 H-6eHso-
Tpuazon-1-un)-1,1,3,3-retpameTriryponus terpadropbopar.

#ABTOP s cBsizu:  (ten.: +7(499) 246-05-55 no6. 835;
9J1. TIoyTa: puchkov_pa@mail.ru, mamaslov@mail.ru).

TOPHI [2], OMHAKO OHU UMEIOT PsIi CEPbE3HBIX HEIO-
CTaTKOB. DTO CTUMYJIHUPYET pa3padOTKy ajbTepHa-
TUBHBIX TIOAXOAOB, OMHUM M3 KOTOPBIX BBICTYMAaeT
Junodeknus — meton noctaBku HK ¢ momonibio Ka-
tnoHHBIX JunocoMm (KJI). K mpeumyiectBam KaTu-
OHHBIX JIMIIOCOM OTHOCSITCSI HEMH(MEKIIMOHHOCTb,
crrocooHocTh TIepeHocuth HK pasHoro pasmepa m
3allMINATh UX OT IefiCTBUS KJIETOUHBIX (pEpMEHTOB, a
TaKKe CTaOMJIBHOCTH IIPU XpPaHEHUN U S9KOHOMUYE-
ckas moctyrmHocTs [3]. B HacTosmiee Bpems KJI, co-
CTaBJISIIOIIE OCHOBY (papMalleBTUUECKUX KOMIO3M-
muit, Bkmodaromux HK, mpoxomar xkiamHuM4YecKue
HUCHIBITaHUS OJ1s1 JIedeHUsI psiga 3abojeBaHmii [4], 60-
nee Toro, KJI ucmosnb3yloTcst B KadyecTBe I1aTopM
npu co3ganun MPHK-Bakiun nmporuB COVID-19
[5]. CyluecTBeHHbBIM HETOCTAaTOK M3BECTHBIX HA CETO-
IHAIIHUI 1eHb cucteM goctaBku HK Ha ocHOBe -
MMOCOM — UX HHU3Kasl 3PPEeKTUBHOCTh, OOYCIOBJICH-
Hasl HAJIMYMEM BHEKJIETOUHBIX M BHYTPUKIIETOYHBIX
OUOJIOTUYECKUX O0aphepoB [6], KOTOPBIE JOJIKEH IIpe-
ogoneth HK-munumHbIA KOMIUIEKC (JIMIIOIUIEKC),
npexae yeM HK mpossBUT cBOIO OMOJIOTMUECKYIO aK-
TUBHOCTb. K BHEKJIETOUHBIM OapbepaM MOXHO OTHE-
CTHU Hecllen(PUIECKOe B3aUMOICICTBUE JIUTIOILIECK-
COB C KOMITOHEHTaM1 KPOBHU U OeJIKaMi UMMYHHOI
CUCTEMBI, B pe3ylabTaTe KOTOPHIX BO3MOXKHEI JeCTa-
OMIM3alys JUIOIJIeKCa U IIPEeXIeBPEMEHHOE BbI-
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cBoboxneHne HK, a ocHOBHBIMM BHYTPUKJIETOUHBI -
MU OapbepaMu, IPUBOASIINMU K CHIDKEHUI0 3 PeK-
TUBHOCTM JOCTAaBKM, BBICTYIIAIOT DHJIOCOMAaJbHAasI U
sIepHast MeMOpaHBIL.

TpaHchuLUpyIOIIYI0 aKTMBHOCTh KAaTUOHHOTO
aMmbunduia, a TakKe ero CTabMILHOCTh B OMOJIOTHYE -
CKUX CHUCTeMaX Y TOKCUIHOCTb OIIpEAeIsieT TUIT CBSI-
3bIBaHUsI TUAPOGOOHOro U TUAPOGUIBHOTO TOMeE-
HOB. YCTOWUYMBBIC JTUITMIBI C TIPOCTOM 3(PUPHOIT CBI-
3p10 00JIe€ TOKCUYHBI IO CPABHEHUIO C allMUIbHBIMU
JIMTTUAMU, KOTOPBIC JIETKO TUAPOJU3YIOTCS B KJIETKE
SHAOTeHHBIMU 3cTepa3amu. Hamubosee ymaunoe co-
yeTaHWE CTAOMJIBHOCTH M TOKCMYHOCTU amduduia
obecrneunBaeT KapoaMowibHbIN JUHKep [7]. Kpome
TOTO, IJIsI yBeAMYeHUST 3(PPEKTUBHOCTU BHICBOOOXK-
nenust HK u3 sHmocoMm m nuriorjiekca B CTPYKTYPY
KaTUOHHBIX aM(pU(GUIOB BBOAAT JJAOWIbHBIE CTPYK-
TYpHBIE MOIYJIW, KOTOPhIE pa3pyllaloTCs Mo Acii-
CTBHEM BHYTPUKJICTOYHBIX (DAaKTOPOB M arcHTOB,
NpUBOAS K JecTadbuiu3aluu Jaunorjekca [8, 9].
OnyH M3 TUNOB TaKMX KAaTMOHHBLIX aMPUPUIOB —
JIMIUABI C IUCYIb(PUIHBIMUI CBI3SIMU, pa3pyliacMble
MoJ, ASMCTBUEM BHYTPUKJIETOUYHBIX BOCCTAHOBUTE-
neit (NADPH, mmyratuoHn, peaykra3ssr) [10, 11].

Panee B Haleii 1abopaTopuu ObLUT CUHTE3UPOBAH
MOJIUKATUOHHBIN aMpudmi X2, B CTPyKType KOTO-
POTO OCTATOK XOJIeCTEpUHA OBLI IIPUCOEINHEH K IIEP-
BUYHOII aMMHOIpPYMIIE CIIepMMHA 4Yepe3 KapObamo-
unbHBIN JTuHKep [12]. Lenplo naHHONW paOOTHI cTal
CHHTE3 HOBBIX ITOJIMKATHOHHBIX aMpudmimoB S1—-S3 —
aHajoroB amdpudwmia X2, comepxKallux B CBOEH
CTPYKType IuCyIbduaHyto rpymiry. AMdudmwibs S1—
S3 paznuuyaloTcss JTMHKEPOM, CBSI3BIBAIOIINM CIIEp-
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MUH U TUAPO(MOOHBII TOMEH (CI0XHOI(MDUPHBINA,
KapOaMOWIbHBII), IJTMHOM crieiicepa, a TakKe KOJIM-
YeCTBOM KaTMOHHBIX aMMOHUHBIX TPYMIT (TPUKATH -
OHHBIE U TeTpakKaTMOHHbIe aMduduis). B padore
MpoBeieHa TpeaBapuTeibHasl OlleHKa CITOCOOHOCTHU
KaTUOHHBIX JIMITOCOM, C(DOPMUPOBAHHBIX U3 aMpu-
dunoB S1—-S3 u nununpa-xenmepa 1,2-moneonn-sn-
mmnepo-3-pocharnmmistanonamuta (DOPE), no-
CTaBJISAITh B 3YKApUOTUYECKUE KJIETKU KOPOTKHE U
MPOTSIXKEHHbIE HYKJIEMHOBbIE KUCJIOTbl — CUHTETHU-
YECKUU OJUTOAE30KCUPUOOHYKIICOTH U TUIa3MUII-
Hyto [ITHK (mIHK).

PE3YJILTATBI 1 OBCYXIEHHWE

Jas co3gaHus TTOIUMKATUOHHBIX aM(pudUIOB B
Ka4eCTBE OCHOBHBIX CTPYKTYPHBIX KOMIIOHEHTOB
ObLTIU BBIOPAHBI IPUPOTHBIE COENUHEHMS — XOJIECTEe-
puH u ciepMuH (puc. 1). U3BecTHO, YTO KATUOHHBIE
amMuduibl, comepxalue B KauecTBe TuaApoPoOHO-
ro OCTaTKa XOJeCTepUH, 00J1a1a0T BLICOKOI TpaHC(hU-
LUPYIOLIEH aKTMBHOCTbIO, HU3KOM TOKCHUYHOCTBIO U
MPUMEHSIIOTCS IUISI MCCIIEOBaHSI MEXaHU3MOB CIIVSI-
HUSI UCKYCCTBEHHBIX MEMOPaH U CTPYKTYPHO-(DYHKIIN-
OHAJILHOTO M3y4YeHUsI c(hOPpMUPOBAHHBIX HA UX OCHOBE
sunoriekcoB [13]. [IpupogHble TOMMaMUHBI, B TOM
Yyucie cnepMuH, cnocoOHkI yrmakoBeiBath JIHK B TO-
pouIaIbHbIE U CTEP>KHEBbIE CTPYKTYpPHI, TIPU 3TOM
METHJIEHOBBIE (parMeHThl, pPa3Ie/IsTIONINe aTOMBbI
a3oTa, UrpalT BaXHYIO POJb BO B3aMMOICHCTBUU
nojvuaMuHa ¢ aoiHoi crimpanbio JHK. Cpenn am-
No(UIbHBIX MOJMAMUHOB IIPOM3BOIHbBIE CIIEPMUHA
Haunbosee 3(PEeKTUBHO CBSI3BIBAIOT U YIIAKOBLIBAIOT
JHK 1 mosTomy aydiiie mepeHocT ee B KiueTku. Ha
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Puc. 1. ITonukatuonHsie ampuduiasr X2 u S1—S3 Ha 0OcHOBe criepMMHA U XOJI€CTEpUHA.
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Puc. 2. Cxema cMHTe3a aMMHONIPOM3BOIHOTO XojiecteprHa (V).

OCHOBE CIIepMMHA ObUIM CO3IaHBI HEKOTOPHIE KOM-
MepUYECKHUe TIperapaTsl LI TpaHchexuuu [ 14—16].

OnuH 13 HauboJjee MPOCThIX CITOCOOOB MoIyye-
HUST aMpUPUITOB ¢ TUCYTbOUIHON CBI3bIO 3aKITI0Ya-
eTCsI B MPUCOECOIMHEHUN K MOJIEKYJIE XOJieCTepuHa
creiicepa, coAepXalllero IUCYIb(MUIHYIO TpYIIIy.
Takue cneiicepsl (I1a, b) ObLIM TTOJTYYEHBI ¢ KOJIUYE-
CTBEHHBIMU BBIXOJaMU OKMCJIEHUEM MEPEKUCHIO BO-
Jlopojia 2-MepKanTOyKCYCHOM 1 3-MepKanToNpoOnuo-
HOBOI1 KMCJIOT COOTBETCTBEHHO [17].

AuunupoBanue xonectepruHa (I) nutuoguykcyc-
Hoii (IIa) u nutnomunponuronoBoit kuciaoramu (IIb)
C HCIIOJIb30BAaHHMEM B KayeCTBe KOHICHCHUPYIOIIETO
areHta N, N-puuukiiorekcuikapooguumuna (DCC)
B TipucyTcTBUM N, N-mTUMeTHMIaMWHOITMPUITHA
(DMAP) mpuBogmio K HOJY4EeHUIO IIPOU3BOMTHBIX
xonectepuHa (IIla, b) co cnoxxHO3(dUPHOIT CBSI3BIO
MEXIy CTePOUIHBIM OCTaTKOM U CIieiicepoM (puc. 2).
BappupoBaH1e COOTHOIIEHUSIMH PEareHTOB IOKa3a-
JIO, YTO MCIMOJIb30BaHUE IBYXKPATHOTO U30bITKA TU-
kapooHoBbix kKuciot (Ila, b) u 0.5 sxs. DMAP npu-
BOAUT K obpazoBaHuio coenuHeHuii (IIla, b) c Bbixo-
oM 67 m 45% CcOOTBETCTBEHHO, TOTLIa KaK IIpU
HCIIOJIb30BAHUN IPYTUX KOHAEHCUPYIOLIMX areHTOB
(BOP, CDI, Boc,0) Bbixon coenunenuii (Illa, b) He
npessian 10%.

Jnga cosmanust ampudmiaa ¢ KapOaMOMIBHBIM
JmHKepoM xonectepuH (I) oOpabareiBanm 1.1-xpat-
HBIM U30bITKOM 1,1'-kapooHnnnuumuaasona (CDI),
noxydas umunazonun (IV) [12], nanpHeiiinee B3auMo-
JIECTBIE KOTOPOTO C M30BITKOM LIMCTAMWHA ITPUBOIV-
J10 K rtostydeHuto coequHeHus (V) ¢ BeixomnoM 59%.

CuHTe3 mUCYTb(PUIHBIX TPUKATUOHHBIX aM@u-
dunos (S1 u S2) ocyliecTBsIIM KOHASHCAIIUe TpU-
Boc-3amumenHoro criepmuHa (VI) [ 18] 1 kapbokcu-
npousBonHbIX xoiectepuHa (IIla, b) ¢ ucnonns3oBa-
HHEM pa3IUYHbIX aKTUBUPYIOIINX areHTOB (puc. 3,
Tta6n. 1). Haubonwimii Beixon coennuenuii (VIla, b)
OBLT TOCTUTHYT Ipu ucnojb3oBaHuu TBTU (2-(1H-
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O0eH3orpuaszon-1-un)-1,1,3,3-TreTpaMeTUIypOHUST TeT-
pacdTopoopar). Ilocne ymamenust Boc-3ammTHBIX
TPYyMIl AeACTBUEM 4 H. XJIOPUCTOTO BOAOPO/A B AMOKCA-
He MoJTyYaau TpUKaTuoHHble ampuduibl (S1 u S2) ¢
KOJIMYECTBEHHBIM BBIXOIOM.

st cuHTe3a TeTpakaTuoHHOro ampuduna (S3)
Ha MepBOM 3Tare OBLIO MOIYyYeHO KapOOKCHUIIPOU3-
BogHoe cnepmuHa (IX). JInsg sToro mnpoBoawau
N-cynbpoHunupoBanue coequHeHus (VI) mon meii-
cTBUEM 1.2-KpaTHOTO M30bITKA 2-HUTPOOEH30JICYJIb-
doHMIXIOpHAA B IIPUCYTCTBUM TPUITUIAMHUHA, 1O~
Jiydasi COOTBETCTBYIOIIUI aMUI, B pe3y/bTaTe Mmocie-
IYIOIIETO aJIKWINPOBAHUS KOTOPOIO METHIOBBIM
3¢pUPOM OPOMYKCYCHOM KHMCJIOTHI MOJTYJaAIN COSoU-
Henwue (VIII) ¢ Beixomom 77% wa nBe cramuu. [locie-
JoBaTeIbHOE yIaJIcHUE 2-HUTPOOESH30JICYIb(DOHUIIb-
HOI rpynnbl nof AciictBrueM 10-KpaTHOro M30BITKA
To(EeHOJIa B IPUCYTCTBUY KapOoHAaTa 11e31sI I OMbI-
JIEHE METWUJIOBOTO 3¢hupa pacTBOPOM TMAPOKCHIA
HATpUsl TIPUBOAUIO K OOpPa30BaHUIO COCAUHEHMUS
(IX) ¢ Beixogom 85% (puc. 3).

LleneBoii TerpakaTnoHHbIN aMmbudmr (S3) mmomy-
Yau KOHAeHcaleil moauaMmuHHoro cuHTtoHa (IX) u
amMuHoIIpou3BoaHoro xojiectepuHa (V) B IpucyT-
cteun TBTU. Ilocne xpomaTorpaguueckoil OYUCT-
KM Ha cusmkareiie coeqrHeHMe (X) ObUI0 BEIAEICHO C
BeIX0oHOM 92%. B pesynabTare mocieayomero yaaie-
aug Boc-rpymmm monydanm neneBoit ampudma S3 ¢
BBIXOIIOM 81%.

M3yyeHure CBOMCTB MOJYYEHHOIO psiga COeoUHEe-
HUII TTO3BOJISIET OLIEHUTH BIMUSIHUE CTPYKTYPhI OU-
Cynb(PUIHBIX KaTUOHHBIX aMpUPIIOB HA UX IIUTO-
TOKCUYHOCTh Y TPaHCOPUUIMPYIOUIYI0 AKTUBHOCTb.
JJ1s1 5TOTO METOIOM THUApATALIMK JTUTUIHON TIJIeHKU
[19] 6butn mosrydeHsl KJI, cocrosiiue u3 MoJiMKaTh-
OHHbIX ambuduiion S1, S2 wiu S3 u AMnuma-xeirne-
pa DOPE B cootHomeHnuu 1 : 1 (MojpH.). OnmcaH-
HBIE paHee KaTMOHHBIe JunocoMbl X2-DOPE [20],
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Puc. 3. Cxema cuHTe3a TUCYTb(PUIHBIX TTOTMKATUOHHBIX aMpuduiIoB.

He collepxKallye TUCYIb(MUIHYIO CBSI3b, UCIIOJIb30Ba-
JIM BO BCEX DKCITEpUMEHTAX ISl CPaBHEHUSI.

HutoTtokcnyHocTh KJI olieHMBaaIu ¢ IOMOILbIO
MTT-tecTa Ha TpeX TUHUSIX 3YKApUOTUYECKUX KJIETOK
(HEK293, HeLLa 1 BHK?21). KineTku nHKyOupoBaiu ¢
KJI B nmnama3one koHueHTpauuii 2.5—40.0 MKM B Te-
yeHUe 24 9 B mpucyTcTBUM 10% 3MOPUOHAIBHOM OBbI-
ypbeil ceiBopoTkU (FBS). g xirerok HEK293 1 HelLa
3HaueHue 1Cs, (koHueHtpauus KJI, npu koTopoit
HabmomaeTcst rubeib 50% KIeTOK B MOITYISIUN) ObI-
JIO JOCTUTHYTO TOJIbKO mis1 jurocoM X2-DOPE
(ta6m. 2). Knerku BHK21 okazanuce 6osee 4yBCTBU-
TeNbHBI K OUTOTOKCHUYecKoMy neiictBuio KJI, oco-
oenHo S1-DOPE u S3-DOPE, Torna kak HamMeHb-

Taoauna 1. OnTuMu3anus yCJIOBU CUHTE3a COSTMHEHUIA
(VIIa, b)

Brixon

Kap6oxkcunbHas | KoHneHcupyro- N
KOMITOHEHTa LU areHT COCIMHCHMU
(VIIa, b), %

(IIIa) BOP 28

DCC/DMAP 27

TBTU 60

(I1Ib) TBTU 82
BUOOPTAHUYECKAS XUMUSA Ttom 49 Ne2 2023
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el MUTOTOKCUYHOCTHIO B OTHOIIIEHWU BCEX HC-
MOJIb30BAHHBIX JUHUI KJIETOK 00J1aaav JTUTTOCOMBI
S2-DOPE, conepxalliue TpUKaTUOHHBINA aMbuduia
¢ 6oJiee WIMHHBIM CTIeiicepOM.

Cnoco6Hocth KJI 00pa3oBbIBaTh JIMIOILIEKCH
MpU pa3IMYHBIX COOTHOLIeHUssX N/P (oTHolieHue
KOJIMYECTBAa aMUHOTPYIII KaTUOHHOTO aMpudmia K
konnuecTBy docdatHbix rpynn HK) — ato BaxkHast
XapaKTepucTHUKa, KOTopasi MOXXET OKa3blBaTb 3HAUU-
TeTbHOE BIUSHUE Ha 3(PPEKTUBHOCTH TPAHC(HEKIINH.
st m3yuenus apdexktuBHocTU cBI3bBaHus KJI ¢
HK 6511 ucrionb3oBaH METOJ 3aIep:KKU B ree [21].
M Bcex KJI ipu cootHommenuu N/P 2/1 nabiatona-
JIOCh HemojiHoe BkJodyeHue masmugHo JIHK
pEGFP-C2, xomupylollleili yCUJIEHHBIN 3eJIeHbIi
¢IIyopeclieHTHBIN OEJIOK, B COCTAB JIMTIOIIIEKCA, O YeM
CBUIIETEJILCTBYET HaIW4Me Iojiockl cBooomHoit JTHK,
MuTrpupyloliei B reiie (puc. 4). Ilpu yBermyeHnn coot-
Homenust N/P no 4/1 mna nunocom X2-DOPE u S3-
DOPE na6monamocs roitHoe cBg3biBanue MIHK, To-
raa kak i aumnocoM S1-DOPE u S2-DOPE nonHoe
csa3piBanme T/IHK nponcxomnito mpu COOTHOIIEHUSTX
N/P 6/1 1 8/1 coorBeTcTBeHHO. TakM 0Gpa3oM, Hau-
MeHbIel 2(PPeKTUBHOCTHIO CBSI3bIBaHUST 00JIadaloT
sunocombl S2-DOPE: mis atux KJI nmonHoe cBs3bI-
Banwue JIHK npoucxomuno Toabpko npu N/P 8/1.

B xauecTBe 00BEKTOB IJIs1 OCTABKU B 3YKapUOTHU-
YyecKre KJIIETKM OBIIM BBIOpaHBI HeCHeUM(UIHBIN
KOPOTKUI 25-3BEHHBII OJIUTOIEe30KCUPUOOHYKIICO-
TUA, MEUYEeHHBI (IyopeclleMHOM II0 5'-KOHILY
(FITC-ODN), u nJIHK pEGFP-C2. Jlunomiekcol
¢opMupoBaIn NpH pa3HBIX cooTHouIeHusx N/P, a
addekTuBHOCTb HaKomIeHUs /nocTaBku HK B kiet-
KaxX aHaJIM3UPOBAIM C MOMOIIBIO TIPOTOYHOM ITUTO-
¢IryopuMeTpuu, Openesisi i KOTUIeCTBO TpaHC -
LIUPOBAHHBIX KJIETOK, M YPOBEHb WHTCHCHUBHOCTU
GIIyopeclieHIIMU KJIETOK B TIOIMYJISIIUHU. DKCIIEpU-
MeHTHI TipoBoauIn B npucyrcreum 10% FBS B pocTo-
BOI cpejie, IIOCKOJIBKY U3BECTHO, uTO Hanudue FBS B
cpene MOXKET BJIMSATh U Ha CTaOUJIbHOCTD JIMIIOTLIEK-

K S1-DOPE
r N

2/1 4/1 6/1 8/1 2/1 4/1

S2-DOPE

6/1 8/1 N/P

Ta6mmma 2. IIUTOTOKCUMYHOCTH KATUOHHBIX JIMITOCOM

ICSO’ MKM
KJT
HEK?293 HeLa BHK21
X2-DOPE 37.8 £ 0.1 29.6 £2.0 18.8 £1.3
S1-DOPE H.I. H.I. 29+0.3
S2-DOPE H.I. H.I. 31.1 £5.5
S3-DOPE H.I. H.I. 9.4 +£0.5

IIpumeuanue: H.1. — 3HaYeHKEe 1Cs HE OBUIO TOCTUTHYTO B IMa-
na3oHe KoHneHTpauuii 2.5—40.0 MKM.

COB, 00pa30BaHHBIX JIMIIOCOMAaMHU, U HA UX B3aUMO-
neucTBUe ¢ KieTkaMu [22]. DD eKTUBHOCTh 1OCTaB-
k1 HK B kJ1eTKM cpaBHUBaJIM ¢ KOMMEPUYECKUM Ipe-
nmapatom Jlunmopekramuxom 2000 (Lf2000).

B cnyuae noctaBku FITC-ODN yBenuuyeHue co-
oTHoueHus1 N/P NmpuBoauiao K yBeJIMYEHUIO YKCTIA
TpaHC(PUIMPOBAHHBIX KJIETOK: HAUOOJBINYIO 3¢-
($EeXTUBHOCTh TpaHCHEKIIUN MPOSIBIISLINA JTUITOCOMBI
S2-DOPE u S3-DOPE npu coornomenun N/P 3/1
(puc. 5). CaemyeT OTMETUTH, YTO IIPOLEHT KJIETOK,
tpanchunmpoBaHHbix FITC-ODN, u B ciydae nu-
cynbhuaHbix aumnocoM (S2-DOPE u S3-DOPE), u B
ciydyae aunocoM X2-DOPE, HedyBCTBUTEIBHBIX K
BOCCTAaHOBJIEHUIO, ObLI NMPUMEPHO ONWHAKOBBIM, a
CpeIHsISI UHTEHCUBHOCTh (DIIyOpeClUeHILIMU B cllydae
JunocoM S3-DOPE Obuia CyllIeCTBEHHO BBIIIE IO
CpaBHEHUIO CO BCEMU OCTAJIbHBIMU KOMIO3ULISIMU,
YTO TOBOpPUT O Oojiee 3(PHEeKTUBHOM HAKOIIJICHUU
FITC-ODN B kieTkax.

Pesynbratel TpaHchekuumn kinetok HEK293
nJIHK mokazanu, yro KJI Ha ocHOBe mucynbhuaHbIX
TpUKAaTUOHHBIX aMpuduimoB S1 1 S2 HeahHeKTUBHO
nocrapisioT MJHK B kimetku (puc. 6a, 66). Han-
OosbmIasl TpaHCUIMPYIOIIass aKTMBHOCTH HaOJ0-
nmanack g1 aunocoM S3-DOPE m X2-DOPE nipu
N/P 6/1, a nanbHeiiliee yBeIndeHUE KOJTUIECTBA aM-

K X2-DOPE
C N

2/1 4/1 6/1 8/1 2/1 4/1

S3-DOPE

6/1 S/I\N/P

Puc. 4. CssasbiBaHue kaTuoHHBIX innocoM ¢ MIHK npu pasHbix cooTHomeHusix N/P, onpenenieHHOe METOIOM 3a1ep>KKU B
renie. Dnekrpodoperpamma 1.5%-Horo arapo3HoOro reJisi ocje pasiaeneHust Komruiekcos Jinnocom ¢ MAHK. OkpamvBaHue

6pomuctbiM atunreM. K — ceobonnas nJIHK.
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Puc. 5. Hakoruienue piyopeciieHTHO-MedeHOro oJiImroHykieoTraa B Kiietkax HEK293 B cocTaBe KOMIUIEKCOB ¢ KATUOHHBIMU
JIMTIOCOMAaMM MPU Pa3IMYHBIX COOTHOIIeHUsIX N/P B IpUCYyTCTBUU CBIBOPOTKHU KPOBU B pOcTOBOI cpene. [IpolieHT TpaHchu-
LIMPOBAHHBIX KJIETOK (@) M CPENHSISI MHTEHCUBHOCTD (hJIyOopecLieHIIMU KJIETOK B MOMYJISILIMY (6) OTPEesIsIM METOIOM MPOTOY-
HoWt uToMeTpun. CTaHIAPTHOE OTKJIOHEHWE He TpeBbiiano 7—9%.

duduna B TUITOILIEKCE IIPUBOIMIIO K CHIDKEHUIO (-
(GEKTUBHOCTH JOCTABKU.

AHaAJIOTUYHBINA 3KCIEPUMEHT MO TpaHCGHEKIUUN
kietok Hela moka3zai cxoxue pe3yabTaThl — Haubo-
snee 3pPekTnBHBIMA ObLIN JTMTTIOCOMBI S3-DOPE 1
X2-DOPE Ha ocHOBe TeTpaKaTMOHHBIX aM(pU(PUIOB,
npudeM 3 dexTuBHOCTh noctaBku JIHK Bo3pacra-
JIa C yBeIUYEHHUEM KOJIMIECTBA KATUOHHBIX JIUTIOCOM
B auroruiekce. TeM He MeHee TpaHcHUIIMPYIOIIAs
aktuBHOCTb KJI S3-DOPE u X2-DOPE 0bu1a Huzke
takoBoii s Jlumodexkrammua 2000. JlocrtaBka
n/IHK B kiietku BHK?21 65112 MeHee a3(hpeKTUBHOIA.
Bo3MoxxHO, 3TO CBSI3aHO C MEHBIIIE CKOPOCTHIO Ae-
neansa kietok BHK21 mo cpaBHeHHMIO ¢ KieTKaMH
HEK?293 u HeLa [23]. B ciyyae kierok BHK2I
ToJIbKO JiunocoMbl S3-DOPE obecneuynBanu coro-
craBuMblit ¢ Jlumodexkrammuaom 2000 ypoBeHB
TpaHchekuuu 1o yuciay EGFP-noloXuTelabHbIX
KJIETOK, HO MECHBIIYI0 CPEIHIOI WHTEHCUBHOCTh
¢iryopecleHIIMN KIETOUYHOM ITOITYJISIINH.

Binusgnue nnvnbl crieiicepa (amuduiabsr S1 u S2)
Ha 3¢ dexTuBHOCTh focTaBKu nJIHK He ObU10 0OmHO-
3HAYHO yCTaHOBJIEeHO. Paznmunsg B 3PPeKTUBHOCTH
JocTtaBKU pa3HbIX TUIIOB HK 00yciioBieHbI TeM, YTO
st FITC-ODN dukcupyercst curHai JiyopecieH-
LM TIOCJIE €T0 IIPOHUKHOBEHMS B COCTaBE KOMILIEK-
COB 4Yepe3 IuUla3MaTUYecKyro MeMOpaHy, Toraa Kak
st nIHK peructpupyercsi ”THTEHCUBHOCTD (DJIyo-
pECLEHIINN 3KCIIPECCUPOBAHHOIO KJIeTKaMu Oeaka
EGFP nocne npoHUKHOBEHUSI KOMILIEKCA B IIUTO-
30JIb, BBICBOOOXICHMSI M3 3HIOCOM U TpaHCIOpPTa
nIHK B ssnpo KIIeTKH.

BUOOPTAHUYECKAA XUMMUA

OKCITEPUMEHTAJIbHAA YACTb

B pabote ucnonabp3oBajii PacTBOPUTEIU OTeUe-
CTBEHHOTO IIPOU3BOACTBA, a Takxke DMF, kap6oHar
KaJiIusi, METUJIOBBIN 3(Up OPOMYKCYCHOI KUCJIOTHI,
2-HUTPOOECH30ICYTbMOHUIIXJIOPUI, TPUITUIAMUH,
4 1. pactBop HCI B mnokcane (Aldrich, CIIIA); TBTU,
kapooHar 1ie3us (Fluka, CIIIA); Tuocdenon (Merck,
I'epmanms). TCX nmpoBoannu Ha tutactuHKax Kiesel-
gel 60 F,5, (Merck, [epmaHust) B CIemyroIInX CUCTe-
max: CHCl;—MeOH, 10:0.6 (A),40:1 (b), 10 : 1 (B);
CHCl;—MeOH—-PriNH,, 4 : 1 : 2 (I'); CHCIl;—
MeOH—-CH;COOH, 200 : 1 : 0.3 (4); CHCI;—
MeOH—-CH;COOH, 1 : 0.16 : 0.05 (E); 1:0.12 :
0.05 (2K). IIarHa Ha XpoMaTorpaMmmax OOHapyKM-
BaJIM C UCIIOJIb30BaHUEM pacTBopa (pochopMoIno-
neHoBas kuciaoTra—cynbpar uepusa(lV) ¢ mociaeny-
IoIIMM MporpeBaHueM Tipu 120°C, napoB xJjiopa ¢
MocJieAYIOUM ONIPICKMUBAHUEM PACTBOPOM 0-TOJY-
uauHa i npu Y®-o6nyueHun (254 um). KonoHou-
Hyl0 XxpoMmartorpaduio MpoOBOAWIM Ha CUJIMKarese
Kieselgel 60 (0.040—0.063 mMm; Merck, I'epmanmus).
Cnextpol 'H- u BC-IMP peructpupoBajii Ha UM-
nyiabcHoM Dypre-criekrpomerpe DPX-300 (Bruker,
I'epmanus) B CDCl;, ecnu He yKazaHO UHOE (BHYT-
PEHHUII cTaHIApT — TeTpaMeTWJICUJaH). 3HaYyeHusI
XUMHUYECKUX CABUTOB (8) MpUBEIEHBI B MAUIMOHHBIX
noisix (m.a.), KCCB (J) — B repuax (I'r). Macc-
CHEKTPbI MOyYaud Ha BPeMSIIIPOJIETHOM MacC-CeK-
tpoMeTpe Ultraflex (Bruker, I'epmanus) MeTomom
JlazepHO# AecopOLMu/MOHU3ALIMU C UCTIONb30BaAHU -
€M B KaueCTBe MaTPUIIbI 2,5- TUTUAPOKCUOESH30MHOI
KUCJIOTHI.
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Puc. 6. Tpanchexkius knerok HEK293 (a, 6), HeLa (6, ¢) 1 BHK21 (0, ¢) komIuiekcamMu KaTUOHHBIX jtunocoM ¢ mHK
(pEGFP-C2) npu paznuunbix cootHoueHusix N/P. [TpoueHT TpaHchUIIMPOBaHHBIX KJIETOK (a, 8, 0) Y CPETHIOI0 NHTEHCUB-
HOCTb (hJTyopeclieHIMU KJIETOK B MOMYJISILIVY (0, 2, €) ONPeesisUIM METOIOM ITPOTOYHOM LIMTOMETPUU Yepes 44 4 rociie TpaHc-
ek KIETOK 110 ypoBHIo akcrpeccun EGFP. CrangapTHoe OTKJIIOHEHUE He MpeBbIiano 7—9%.
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Cunres nmugasonuna (IV) [12], N',N* N°-tpu-
mpem-0yToKCUKapOoHu- 1,12-nuamMmuno-4,9-nuaza-
nonexana (VI) [18], coemunenus (II1a) [24] u amdpu-
duna X2 [12] ocylLIECTBISIA COIVIACHO ONUCAHHBIM
paHee MeTOoIaM.

3-[3-(XonecT-5-eH-3B-NT0KCUKAPOOHUI)TPO-
] autuonponuonosas kucjaora (IIIb). K pactsopy
xonectepuHa (I) (1.0 r, 2.59 mmoib) B 6€3BOOHOM
stunanetate (40 M), oxnaxaeHHoMmy 1o 0°C, gobaB-
JsUIM B atMocepe aproHa JAUTHOAUIIPOITMOHOBYIO
kuciaory (1.09 r, 5.17 mmoas), DCC (1.067 wr,
5.17 mmonb), a 3atem DMAP (0.158 mu, 1.29 mmonb) u
Et;N (0.54 Mz, 3.88 mMonb). Uepes 12 4 peakiiMOH-
HYIO Maccy (GUJIbTpOBaIN, TPOMBIBAIH 3% -HBIM BOII-
HBIM PaCTBOPOM COJISTHOM KUCJIOTHI (3 X 30 Mi1), cylmumm
Han Na,SO,, GuibrpoBanu, pacTBOPUTENM YIAISUIU B
Bakyyme. Ilocie xpomartorpadmm Ha CHIIMKareie
(CHCl;—MeOH—CH;COOH, 25:0.1 : 0.03) nonyyuiu
coequHeHue (IIIb) B Buae KpucTajioB 6€JIOTro 1iBeTa
(0.681 1, 45%). R; 0.40 (). Macc-crexrp, m/z:

601.217 [M + Nal*, Beruuciaeno mis Cs;;Hg,0,S,

578.346 [M]*. Cnexkrp 'H-AMP: 0.67 (c, 3H,
C(13)Me), 0.85 (m, 3H, J 6.6, C(25)Me), 0.86 (a, 3H,
J 6.6, C(25)Me), 0.91 (m, 3H, J 6.5, C(20)Me), 1.01
(c, 3H, C(10)Me), 0.95—1.70 (M, 21H, mpoToHBI
Chol), 1.75-2.10 (M, 5H, nporonsl Chol), 2.26—2.40
(M, 2H, H,C(4)), 2.70 (T, 2H, J 7.1, CH,COOChol),
2.79 (1, 2H, J 7.5, CH,COOH), 2.92 (1, 2H, J 7.1,
CH,S), 2.92 (1, 3H, J 7.5, CH,S), 4.52—4.78 (M, 1 H,
H(3)), 5.30—5.45 (m, 1H, H(6)). Cnextp *C-AMP:
11.83, 18.69, 19.28, 21.00, 22.54, 22.80, 23.81, 24.26,
27.73, 27.98, 28.20, 31.82, 31.87, 32.70, 33.31, 33.86,
34.42, 35.76, 36.16, 36.54, 36.92, 38.04, 39.49, 39.69,
49.98, 56.11, 56.65, 74.54, 122.74, 139.45, 171.08,
177.59.

(Xoaecr-5-en-3p-na)- N-{2-[ (2-aMUHO3TUI)AU-
THo |3THA}KapoamaTta ruapoxyaopun (V). K cycrieHsnu
muctamuHa (1.98 1, 13.00 Mmmosnb) B 6e3BONHOI cMecH
pactBoputeneit CH,Cl,—Et;N—auoxcan (30 : 10 : 10 M)
npobasiasuin umupazonu (IV) (0.782 1, 1.63 MMoinb) 1
nepeMeInBaIn IpY KMITIEHUH B TeueHue 35 4. Peak-
IIMOHHYIO CMeCh  (PUIBTPOBaNM,  IIPOMBIBAIN
3%-ubIM BogHbIM pacTtBopoM HCI (3 X 30 mi), cy-
wuian Haa Na,SO,, duibTpoBanu, pacTBOpUTEIU
yoamsuti B BakyyMe. Ilocie xpoMmarorpadum Ha ch-
sukaresne (CHCL;—MeOH, 10 : 1) monyuunu coenu-
Henue (V) B Buie KPUCTALUIOB CBETJIO KOPUIHEBOTO
uBeta (0.580 T, 59%). R:0.30 (B). Macc-cnekTp, m/z:
565.456 [M — CI]*, Beraucieno mist C;,Hg;N,0,S,:
565.386 [M — Cl]*. Cnekrp 'H-AMP: 0.61 (c, 3H,
C(13)Me), 0.79 (m, 3H, J 6.6, C(25)Me), 0.80 (m, 3H,
J 6.6, C(25)Me), 0.85 (n, 3H, J 6.2, C(20)Me), 0.94
(c, 3H, C(10)Me), 0.87—1.62 (M, 21H, mpoToHBI
Chol), 1.65—2.07 (M, SH, mpotonsr Chol), 2.17—2.40
(M, 2H, H,C(4)), 2.70—2.90 (M, 2H, CH,NH,), 2.79

BUOOPTAHUYECKAA XUMMUA

(t, 2H, J 7.5, CH,COOH), 2.92 (, 2H, J 7.1, CH,S),
2.92 (r, 3H, J 7.5, CH,S), 2.90-3.17 (M, 2H,
CH,NHCOOChol), 3.17-3.60 (m, 4H, 2 CH,S),
4.20-4.58 (m, 1H, H(3)), 5.22-5.40 (m, 1H, H(6)),
5.43—5.70 (v, |H, NHCO), 7.00—7.50 (m, 3H, NH,).
Criektp BC-SIMP: 11.98, 18.84, 19.49, 21.19, 22.65,
22.90, 24.06, 24.41, 28.09, 28.35, 32.00, 35.81, 35.95,
36.34, 36.68, 37.14, 38.21, 38.75, 39.29, 39.63, 39.89,
50.11, 56.39, 56.81, 74.69, 122.65, 139.89, 156.44.

(Xonecr-5-en-3B-un)- N, N, NV -1pu-(mpem-
OyTmiIoKcukapoonui)-19-amuHo-6-o0kco-3,4-auTHa-
7,11,16-Tpuasanonexanoar (VIIa). K pacrtBopy coenm-
HeHus (VI) (99 mr, 0.198 mmons) B MDA (2.5 mir) mo-
cienoBarenbHO Aobapisuiu coenvHeHnue (IMla) (0.131 r,
0.238 Mmmomb), TBTU (0.076 wmr, 0.238 mmonb) u Et;N
(0.033 M, 0.238 mmomab). Uepe3 1 4 pacTBopuTeIn
yIAJISUIM B BaKyyMe, OCTaTOK XpoMaTtorpadupoBain
Ha KOJIOHKE C CUJMKarejaeM, BJIIOUPYST CMEChIO
CHCI1;—MeOH, 100 : 1. ITonyurnu coenuneHue (VIIa)
B BUIIE KPUCTALUIM3YIOLIErocs OecIBETHOTO Macja
(0.122 1, 60%). R;0.35 (B). Ciektp 'H-SIMP: 0.68 (c,
3H, C(13)Me), 0.85 (a, 3H, J 6.5, C(25)Me), 0.86 (x,
3H, J 6.5, C(25)Me), 0.91 (m, 3H, J 6.5, C(20)Me),
1.02 (c, 3H, C(10)Me), 0.90—2.10 (m, 34H, npoTOHBI
Chol, 2 NCH,CH,CH,N, NCH,(CH,),CH,N), 1.43
(c,9H), 1.45 (¢, 9H) n 1.50 (c, 9H, 3 C(CH,);), 2.29—
2.40 (M, 2H, H,C(4)), 3.02—3.35 (M, 12H, 6 CH,N),
347 (c, 2H, SCH,COOChol), 3.54 (c, 2H,
SCH,CONH), 4.35—4.75 (m, 1H, H(3)), 5.27-5.40
(M, 1H, H(6)). Criextp BC-AMP: 11.85, 18.72, 19.27,
21.05, 22.53, 22.77, 23.83, 24.27, 25.91, 27.70, 27.99,
28.19, 28.44, 28.47, 29.67, 31.88, 31.91, 33.94, 35.77,
36.20, 36.60, 36.95, 37.68, 38.00, 39.52, 39.75, 41.04,
41.71, 42.67, 44.11, 46.85, 49.14, 50.08, 56.20, 56.72,
75.76, 79.64, 122.99, 139.31, 156.01, 167.95, 169.08.

(Xoaecr-5-en-3p-ua)- N3, N8 N2-tpu-(mpem-
Oyrminokcukapoonun)-21-amuHo-8-o0kco-4,5-1urna-
9,13,18-Tpua3zarensiikozanoat (VIIb). ITonyuanu kak
coequHenue (VIIa), ucxonss u3 coeauHenus: (VI)
(0.158 1, 0.314 mmonb), coequnenus (I1Ib) (0.218 1,
0.377 mmonb), TBTU (0.121 1, 0.377 mMonb) u Et;N
(0.053 ma, 0.377 mMonb). [lonyyunu coenmHeHUe
(VIIb) B BMAE KpUCTaIU3YIOIIETrocsi OeCIBETHOTO
macia (0.178 r, 82%). R; 0.4 (B). Criexrp 'H-SIMP:
0.68 (c, 3H, C(13)Me), 0.85 (1, 3H, /6.5, C(25)Me), 0.86 (z,
3H, J 6.5, C(25)Me), 091 (1, 3H, J 6.5, C(20)Me), 1.02 (c,
3H, C(10)Me), 091-2.05 (M, 34H, nportonst Chol,
2 NCH,CH,CH,N, NCH,(CH,),CH,;N), 1.46 (ymr. c,
27H, 3 C(CHsy);), 2.27-2.37 (M, 2H, H,C(4)), 2.58
(t,2H, J 7.1, SCH,CH,COOChol), 2.70 (1, 2H, J 7.1,
SCH,CH,CONH), 2.87—3.00 (M, 4H, 2 SCH,), 3.07—
3.40 (m, 12H, 6 CH,N), 4.55—4.72 (M, 1H, H(3)), 5.33—
5.40 (m, 1H, H(6)). Criextp BC-SIMP: 11.82, 18.67,
19.28, 20.98, 22.54, 22.80, 23.78, 24.24, 25.94, 27.17,
Ne 2
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27.64, 27.72, 27.98, 28.19, 28.33, 28.41, 31.79, 31.86,
33.11, 33.82, 34.40, 35.75, 35.97, 36.13, 36.54, 36.91,
38.05, 39.47, 39.66, 42.94, 43.31, 46.66, 46.81, 49.95,
56.06, 56.63, 74.46, 79.92, 80.33, 122.74, 139.46,
157.02, 157.51, 170.66, 171.13.

(Xonect-5-en-3f-ui)-19-ammuno-6-okco-3,4-1u-
tha-7,11,16-Tpuazanonekanoar tpuruapoxsopun (S1).
K pactBopy coenunenus (VIIa) (0.055 r, 0.053 mMorb) B
3 ma CH,Cl, no6asnsinu 4 H. HCI B auokcane (1 m)
u niepemMetBaiu 1 4 npu 24°C. PactBoputenu yaa-
Jisinu B Bakyyme, octatok nmpombiBasin CHCIl;. TTony-
yuian coeguHeHue S1 B Buae amMopdHEIX OeKeBBIX
kpuctaoB (0.030 r, 67%). R, 0.85 (I'). Macc-
crekTp, m/z: 735.623 [M — 3HCI + H]*, BeruncieHo
s CyHo.;,CL3N,O;S,: 735.528 [M — 3HCI + HJ .
Crekrp 'H-IMP (CDCI,—CD;0D, 1 : 5): 0.67 (c,
3H, C(13)Me), 0.85 (m, 3H, J 6.5, C(25)Me), 0.86 (x,
3H, J 6.5, C(25)Me), 0.92 (u, 3H, J 6.5, C(20)Me),
1.03 (¢, 3H, C(10)Me), 0.91—2.05 (M, 34H, npoTOHBI
Chol, 2 NCH,CH,CH,N, NCH,(CH,),CH;,N),
2.30—2.41 (m, 2H, H,C(4)), 2.91-3.21 (M, 12H,
6 CH,N), 3.46 (c, 2H, SCH,COOChol), 3.55 (c, 2H,
SCH,CONH), 4.36—4.76 (m, 1H, H(3)), 5.28—5.41
(M, 1H, H(6)).

(Xonecr-5-en-3p-un)-21-amuno-8-okco-4,5-1u-
Tha-9,13,18-TpuasareH’iiko3anoar TPUTHIAPOXJIOPH]
(S2). IMonyyanu kak coenuHeHue S1, ucxomst U3 co-
equaenus (VIIb) (0.05 1, 0.073 mmons). Tlomyawwma co-
enMHeHre S2 B BUIE aMOP(MHBIX OelbIX KPUCTALIOB
(0.048 1, 76%). R: 0.86 (I'). Macc-cniektp, m/z. 763.725
[M— 3HCI + H]", Berunciero mist Cy;Hg CI5,N,O,S,:
763.560 [M — 3HCI + H]". Cnexrp 'H-AMP
(CDC1;—CD50D, 1:5):0.68 (c, 3H, C(13)Me), 0.84
(m, 3H, J 6.5, C(25)Me), 0.85 (m, 3H, J 6.5,
C(25)Me), 0.90 (m, 3H, J 6.5, C(20)Me), 1.01 (c, 3H,
C(10)Me), 0.90—2.06 (M, 34H, mportonst Chol,
2 NCH,CH,CH,N, NCH,(CH,),CH,N), 2.27—2.37
(m,2H, H,C4)),2.59 (1,2H, J 7.1, SCH,CH,COOChol),
2.71 (1, 2H, J 7.1, SCH,CH,CONH), 2.88—3.21 (M,
16H, 2 SCH,, 6 CH,N), 4.55-4.72 (M, 1H, H(3)),
5.33—5.40 (M, 1H, H(6)).

Metun-N'-[ N*,N°, N'2-tpu-(mpem-0yTokcukapoo-
HUI)-12-amuno-4,9-mua3zanonen-1-ui]-N'-(2-auTpo-
tdenunncynsponnn)amunoanerar (VIII). K oxnaxneH-
HoMy 1o 0°C pactBopy coennHenus (VI) (0.431 r,
0.858 mmonb) B 6e3BogHoMm CH,Cl, (5 M) nobasnsi-
M MoseKysisipHbie cuta 4 A (1.0 r) Et;N (0.239 mu,
1.716 MMOab) U 2-HUTPOOEH3O0ICYTbGMOHWIXIOPUL
(0.228 1, 1.02 MMob). PeakilMOHHYIO CMECh TIepemMe-
muBaad 1 4 npu 24°C. MonekyasapHble CUTa OT-
¢dunbTpoBbIBasM, TpombiBanu CH,Cl,, pacTBopuTte-
JIY yaajisii B BakyyMe. OcTaToK xpoMaTorpadupo-
BaJIM Ha KOJIOHKE C CHJIMKArejieM, SJIFOUPYsS] CMECHIO
CHCI1;—MeOH (50 : 1). Toayuunu N*,N°,N'>-tpu-
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(mpem-6yTOoKCUKapO60oHWI)-N!-(2-HUTPpODEHWICYIIb-
¢donun)-1,12-nuammuno-4,9-nuazanonekad B BUIE
kpuctamnuayiomerocs macia (0.507 r, 88%). Macc-
criektp, m/z. 710.295 [M + Na]*, BblumciaeHo mis
C;;Hs;NsNaO,,S: 710.341 [M + Na]*. Criekrp 'H-SIMP:
1.27 (ymr. ¢, 31H, 3 C(CH;); m NCH,(CH,),CH,N),
1.52—1.71 (m, 4H, 2 NCH,CH,CH,N), 2.92—3.11 (M,
8H, 4 NCH,), 3.11-3.30 (M, 4H, 2 NHCH,), 7.59—
7.71 (M, 2H), 7.71-8.89 (m, 1H) u 8.00—8.11 (m, 1H,
C¢H,). Cnekrp BC-SIMP: 25.96, 28.54, 28.59, 28.93,
37.91, 41.03, 43.78, 44.23, 46.82, 47.05, 79.16, 79.74,
80.02, 125.25, 130.93, 132.68, 133.51, 148.29, 156.17.

K pactBopy N* N°,N'2-tpu-(mpem-6yToKcukap-
6oHM)-N'-(2-HUTpodeHmICYIbMOHMI)-1,12-11a-
MuHO-4,9-nna3anonekana (0.271 r, 0.394 mMoib) B
6e3BogHoM JIM®DA (3 Mi1) nmociaenoBaTeIbHO 100aB-
s Cs,CO;5 (0.128 1, 0.394 MMOJIB) M METUJIOBBIIA
acup OpomykcycHoii  kuciotrel  (0.149  wmu,
1.58 MMob). PeaklimOHHYIO cMech IepeMelIBaIu
3 4y mpu 75°C. K peakiiioHHOI cMecH 1o0aBistin 15 M
CH,Cl,, npoMbiBanu 5%-Hoii TMMOHHON KUCIOTOMH
(3 x 20 mn), cymmnu Han Na,SO,, ynapusanu. Octa-
TOK XpomaTtorpacdupoBaiyi Ha KOJIOHKE C CUIUKAre-
Jiem, amoupys cmecbto CHCl;—MeOH (175 : 1). Tlo-
ayunnu coenuHeHue (VIII) B Bume KpucTain3yro-
merocst Macia kenroatoro 1Beta (0.270 T, 90%).
R:0.51 (B). Cnektp 'H-IMP: 1.26—1.46 (m, 4H,
NCH,(CH,),CH,N), 1.32 (c, 18H), 1.35 (c, 9H,
3 C(CH,);) 1.46—1.60 (M, 2H), 1.60—1.75 (M, 2H,
2 NCH,CH,CH,N), 2.90-3.23 (™, 10H,
2 CH,NCH,, NHCH,), 3.23-337 (M, 2H,
NCH,CH,), 3.54 (c, 3H, OCH;), 4.10 (c, 2H,
OC(0O)CH,), 7.46—7.68 (M, 3H), 7.87—8.02 (M, 1H,
C¢H,). Cnextp BC-SAMP: 25.87, 26.92, 28.46, 28.48,
37.63, 43.96, 44.49, 46.42, 46.75, 47.81, 52.27, 78.96,
79.59, 124.20, 130.86, 131.74, 133.13, 133.70, 148.04,
155.46, 156.07, 169.14.

2-[N*,N°, N'2-Tpu-(mpem-06yrokcukap6onm)-12-
amuHo-4,9-1uaszanonen- 1-uwi]aMHHOYKCYCHOM KHCJI0-
o1 ruApoxJopun (IX). K pactsopy coennnenus (VIII)
(0.178 1, 0.235 mmonb) B AM®DA (2 Mi1) mpu iepeme-
mmBaHum nobapmsan K,CO; (0.036 1, 0.258 MMoIh),
a 3atem PhSH (0.241 mu, 2.35 mmonb). Uepes 1 U K
peakiimoHHoit Macce nodasnsuiu 10 ma CH,Cl,, npo-
MbIBaJIU BoAoii (15 mut), cytumnum Haa Na,SO,, ynaprba-
qm. TTocne xpomatorpaduu Ha cunukarense CHCl,—
MeOH—-25%-#nbr1it BomabIit NH; (5 : 0.1 : 0.01) mo-
ayawm Mmetui-N'-[N*, N°, N2-tpu-(mpem-6yToKcu-
KapOooHMIT)-12-amMmuHo-4,9-nua3zanonen- 1-uilamu-
HOAlleTaT B BUIE KPUCTALIM3YIOIIETocs Macia
(0.116 T, 86%). R; 0.33 (A). Macc-crexrp, m/z:
575.456 [M + H]*, Beraucnero mast C,gHg,N,Og:
575.404 [M + H]". Crekrp 'H-AMP: 1.25—1.48 (M,
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4H, NCH,(CH,),CH,N), 1.34 (c, 9H), 1.35 (c, 9H),
1.36 (¢, 9 H, 3 C(CHj;);), 1.48—1.70 (M, 4H,
2NCH,CH,CH,;N), 2.51 (1, 2H, J 7.0, NHCH,CH,),
2.91-3.25 (M, 10H, 2 CH,NCH,, NHCH,), 3.31 (c,
2H, OC(O)CH,), 3.63 (c, 3H, OCH). Cniektp "“C-
SAMP: 25.52, 25.93, 28.39, 28.93, 37.36, 43.75, 44.10,
44.82, 46.80, 50.73, 51.66, 78.77, 79.20, 79.43, 155.51,
155.99, 172.79.

K pacrBopy wmetun-N'-[N*,N°,N2-tpu-(mpem-
OyToKkcukapooHun)-12-ammHo-4,9-gunazamonen-1-
wi|amuHoatetata (0.100 r, 0.174 mmonb) B MeOH
(3mn) npu nepeMmemnuBaHuM nobapmsii NaOH
(0.0311,0.783 mMmonp) B 0.5 Mi1 Bomel. Yepes 2 9 K pe-
akuMoHHoi Macce po6asmsumm 10 mn CH,CI,, npo-
MbIBaiu 3%-HbIM BonHBIM pactBopoMm HCI (15 m),
cyuruti Han Na,SO,, ymapuBamm. [Toryarmm coenu-
HeHue (IX) B Bune kpucrasion 6ejioro 1isera (105 mr,
100%). R:0.33 (E). Macc-cniektp, m/z: 561.476 [M — CI]*,
Borunciieno it C,,Hgs3N,Oq: 561.386 [M — CI|*.
Crekrp 'H-AMP (CD,OD—-CDCl,, 1 : 5): 1.17—-1.40
(yur. ¢, 31H, NCH,(CH,),CH,N, 3 C(CHs);), 1.40—
1.60 (M, 2H), 1.70—1.93 (M, 2H, 2 NCH,CH,CH,N),
2.63—2.82 (M, 2H, CH,NH,CH,CO), 2.83—3.18 (M,
10H, 2 CH,NCH,, NHCH,), 3.30 (c, 2H,
OC(0O)CH,). Cniextp BC-4MP: 24.21, 25.10, 27.59,
27.64, 28.16, 36.74, 42.78, 43.29, 43.67, 44.19, 45.79,
46.29, 49.07, 78.47, 79.18, 79.60, 155.73, 155.80,
155.85, 169.73.

N N N2_Tpu-(mpem-06yrokcukapoonmi)-N'-
(xoJiecT-5-eH-3p-nnokcukapoonmn)-1,22- iuaMmuHo-
8-o0kco-3,4-nuTna-7,10,14,19-rerpaazagokosan (X).
K oximaxxgennomy no 0°C pactBopy coequHeHus (1X)
(100 mr, 0.167 mmons) B IM®PA (5 mu1) mociaenoBa-
tesabHO nobasnasiiv TBTU (0.134 mr, 419 mMoib),
pactBop coemuHeHus (V) (0.302 mr, 0.502 MMoOIb),
DIEA (0.146 mu, 0.837 mMoinb) B IM®DA (2.5 mi).
Yepes 2 4 K peakKIIMOHHON Macce mobasisuii 20 M
CH,Cl,, mpombiBain 3%-HBIM BOTHBIM PacTBOPOM
HCI (2 x 15 mn), cymmnu Han Na,SO,, ynapuBaiu.
ITocne xpomarorpacdum Ha cuiukarene CHCl,—
MeOH (80 : 1) monyuyunu coenuHeHue (X) B BuIe
kpuctauusytomierocss Macia (0.176 r, 92%). R, 0.57
(K). Macc-cniekrp, m/z: 1107.867 [M — CI]", Bbluuc-
neHo mnsi CsoH o;NgOoS,: 1107.754 [M — CI]*.
Crnekrp 'H-AMP: 0.64 (¢, 3H, C(13)Me), 0.83 (u,
3H, J 6.6, C(25)Me), 0.84 (1, 3H, J 6.6, C(25)Me),
0.88 (m, 3H, J 6.5, C(20)Me), 0.97 (c, 3H, C(10)Me),
0.85—1.70 (M, 36H, IIPOTOHBI Chol,
NCH,(CH,),CH,N, NCH,CH,CH,NH,CH,CO),
1.40 (c, 9H), 1.41 (¢, 9H) m 1.42 (c, 9H, 3 C(CH,),),
1.70-2.07 (M, 7H, MIPOTOHBI Chol,
NHCH,CH,CH,N), 2.20-2.39 (M, 2H, H,C(4)),
2.55 (1, 2H, J 6.5, CH,NH,CH,CO), 2.76—2.84 (M,
4H, 2 CH,S), 3.01-3.32 (M, 10H, 2 CH,NCH,,
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NHCH,), 3.21 (c, 2H, CH,NH,CH,CO), 3.44 (s,
J6.2, 2H, CH,NHCOOChol), 3.57 (xs, J 6.3, 2H,
CH,O0CONHCH,), 4.30—4.58 (m, 1H, H(3)), 5.25—
5.50 (M, 1H, H(6)). Criektp *C-SIMP: 11.93, 18.80,
19.40, 21.12, 22.63, 22.88, 23.91, 24.36, 25.98, 28.06,
28.25, 28.29, 28.52, 28.54, 28.56, 31.97, 31.98, 35.85,
36.27, 36.64, 37.08, 37.82, 37.94, 38.51, 38.64, 39.59,
39.83, 44.11, 46.73, 47.07, 50.12, 56.24, 56.78, 74.57,
79.07, 79.53, 79.64, 122.56, 139.87, 156.17, 156.18,
156.19.

1,22-JIuamuno-N'-(xoxecr-5-en-3B-uaokcukap-
O0onun)-8-0kco-3,4-guTna-7,10,14,19-rerpaaszano-
ko3aH (S3). K pacrBopy coennHeHus (X) (0.200 r,
0.146 mmomp) B 4 mut THF no6asnsau 4 1. HCI1 B nu-
okcaHe (3 M) u iepeMernuBanu 3 4 ipu 24°C. Pac-
TBOPUTEJIN YIAJSUTU B BaKyyMe, OCTaTOK POMBIBAIN
MeOH. Ilonyunnau coemuHeHne S3 B BUIe O€JIbIX
kpuctaoB (0.155 1, 81%). Ry 0.35 (I'). Macc-
criektp, m/z: 807.654 [M — 4HCI + H]*, Beruncieno
wist CyyHggN¢O-S,: 807.597 [M — 4HCl + H]*.
Crekrp 'H-SIMP (D,0): 0.65 (c, 3H, C(13)Me), 0.84
(m, 3H, J 6.6, C(25)Me), 0.85 (m, 3H, J 6.6,
C(25)Me), 0.87 (m, 3H, J 6.5, C(20)Me), 0.96 (c, 3H,
C(10)Me), 0.85—1.70 (M, 38H, mportonsl Chol,
NCH,(CH,),CH,N, NCH,CH,CH,NH,CH,CO),
1.70—2.07 (m, 5SH, nmportonbsl Chol), 2.21-2.40 (M,
2H, H,C(4)), 2.54 (1, 2H, J 6.5, CH,NH,CH,CO),
2.77-2.84 (M, 4H, 2 CH,S), 2.94-3.25 (M, 14H,
7 CH,N), 3.45 (x8, J 6.2, 2H, CH,NHCOOChol),
3.56 (x8,J6.3,2H, CH,OCONHCH,), 4.31—4.59 (™,
1H, H(3)), 5.24—5.49 (M, 1H, H(6)).

Katnonnsie mmocomsbl. K pacTBopy MoJIMKaTHOH-
Horo ambuduna B cmecu pactopureneit CHCl;—
MeOH (4 : 1 00.) nobaBisiiiu pacTtBop 1,2-110Ie0MII-
sn-tuuepo-3-dbocharunmisrtanonamuda (DOPE,
Avanti Polar Lipids, CIIIA) B xstopoopMe B COOTHO-
IIEHUM TOoJUKaTUOHHbIA amMbudui—DOPE 1 : 1
(MonbH.). PacTBopuTenn ymansii B BaKyyMe BOHO-
CTPYMHOTO Hacoca, 00Opa3oBaBIIYIOCA JIMITUIHYIO
IJICHKY CyIIWJIM 3 4 B BaKyyMe MAacJISIHOrO Hacoca
(0.01 Topp), mocne 4ero mOOABIISIIIM AEUOHU3UPO-
BaHHYIO BoIy U runpatupoBanu 4 4 rpu 24°C (KOH-
LIEHTpalus MO MNOJUKAaTUOHHOMY ambubuily co-
craBmsuia 1 MM). O6Gpa30BaBIIYIOCS TUCIIEPCHUIO 00-
pabarbiBa Ha YiIbTpa3ByKoBoit OaHe (Bandelin
Sonorex Digitec DT 52H, I'epmanust) 15 MmuH npu
60—65°C. ITonyyeHHbIE KATUOHHBIE JIMIIOCOMBI Xpa-
Huau npu 4°C B atMocdepe aproHa.

HyknenHoBble KHCJIOTBI. 25-3BEHHBIN OJUTOIE3-
OKCHUPUOOHYKJIEOTUI ¢ aMUHOTCKCHIbHBIM JIMHKE-
pom Ha 5'-koHue (5'-TACAGTGGAATTGTATG-
CCTATTAT-3") cuHTe3upoBain ¢ochopamMuaar-
HBIM METOOOM ¥ O4YHulIaii ¢ ToMolibio BOXKX
(MUHCTUTYT XMMUYECKON Ouonorum u (QpyHaamMeH-
tanpHOM MeguimHbel CO PAH, HoBocubupck). Yu-
Ne 2
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CTOTY OJIMTOHYKJICOTHAA IIPOBEPSUIM C ITOMOIIBIO
anekTpodopesa B 20%-Hom ITAAT ¢ 8 M MoueBU-
HOI1, oHa cocrasisuia 95—98%. FITC-meyeHue onu-
TOHYKJICOTHOA ITPOBOAMIN, KaK OIMCaHo paHee [25].
FITC-ODN Boigensiiu ¢ momomibio BOXKX (Alli-
ance, CIIIA), ucrionb3ys kojioHKy Waters XTerra u
JIMHEWHBIN IPagjveHT KOHLUEHTPALUX alleTOHUTPUIIA
(0-30%) B 50 MM NaClO,. Yucrory FITC-ODN
IIPOBEPSUIM C TIOMOIIBIO 31eKTpodope3a B 20%-HoM
ITAAT ¢ 8 M Mo4eBUHOI1, oHa cocTaBisuia 95—98%.
KoHlieHTpalinio OJIMTOHYKJIEOTHIa U3MEPSITIA C MO-
Mo1iblo criekrpodoromeTpa BioMate 3 (Termo Elec-
tron Corporation, CIIIA). PactBop FITC-ODN xpa-
Huau nipu —20°C.

B oskcnepuMeHTax 1O JOCTaBKe IUIa3MUIHOM
JHK ucnons3oBanmu miaasmuny pEGFP-C2 (Clon-
tech, I'epMaHus), KOOUPYIOILIYIO YCHIEHHBIN 3elie-
HBIN (PIyopecleHTHBIN OeIoK.

KomMmieKchl KATHOHHBIX JIUNOCOM C HYKJIEMHOBBIMM
Kucjoramu. /1151 npoBeaeHus TpaHChEeKUMU 3yKapu-
OTUYECKUX KJIETOK KOMILIECKCHI TOJIydaiu Cleayto-
UM 00Opa3oM: pacTBOPbl KaTUOHHBIX JIMTIOCOM
(25 MKJT) ¥ HYKJIEMHOBBIX KUCJIOT (25 MKJI) C KOH-
LIEHTpallMeil, COOTBETCTBYIOIIECH OIpeneIeHHOMY
cootHoureHnto N/P, cmemmBanmu B cpene Opti-
MEM® (Thermo Fisher Scientific, CIIIA) u uHKy6u-
poBaiu 20 MmuH 1ipu 24°C.

O6pa3oBanue komiuiekcoB ¢ JIHK nccienoBanu ¢
MOMOIIBIO 371eKTpodope3a B 1.5%-HOM arapo3HoOM
reje B HATUBHBIX YCIOBUSIX MPU HAIPSDKEHUM 2JIEK-
tpudeckoro monst 20 B/cm B teyeHue 30—45 muH.
I'enb okpammBaau OPOMUCTBIM 3TUIMEM U BU3YyaIv-
3upoBanu B YD-cBete (254 HM).

Kietounnie kyabTypbl. Kinetku nouku smOpuoHa
yenoBeka HEK?293 1 nepBuKaibHOM ageHOKAPLITHO-
Mbl Hela Obuiu monydeHsl M3 baHkKa KJIeTOUHBIX
kyneTyp MHcTuTyTa turonoruu PAH (Cankr-Ile-
TepOypr, Poccust). KieTku moyku aMOopruoHa XoMsiu-
ka BHK21 6b111 1106€3H0 TIpeaocTaBlieHbI Tpodec-
copom B.C. IlpaconoBeiM (MHCTUTYT MOJIEKYJISIp-
Hoit ouonmornu PAH, Mocksa). Kiietounble 1uHUN"
HEK?293, HeLa u BHK21 xynbTUBHpOBaIu B cpene
DMEM, copepxabieit 10% FBS, 100 exn./mn meHu-
muirHa, 0.1 Mr/mi ctpentToMuiinHa v 0.25 MKr/Mi
amdorepuinHa, B atmochepe 5%-noro CO, npu
37°C. KueTku BbIcaxkuBaiii B 96-1yHouHble (HelLa n
BHK21 — o 3 x 103 xsieTok Ha nyHKy, HEK293 — o
1 X 10* KJIeTOK Ha JIYHKY) WU 24-JIyHOUHBIE TUIaH-
metsl (HeLa 1 BHK21 — no 10° Kj1eToK Ha JIYHKY,
HEK293 — o 1.2—1.7 x 10’ KJ1€TOK Ha JYHKY) U 1a-
BaJId UM TIPUKPENUTHCS B TeUeHUeE 24 4.

IluToToKcMuHOCTL KAaTHOHHBIX Jmmocom (MTT-
tect). Knerku HEK293, HelLa 1 BHK21 kynbTuBu-
poBaj B 96-TyHOYHBIX IUIAHIIETaX, KaK OIMUCAHO
BeImIe. Yepes 24 4 KIIETOYHYIO Cpely 3aMEHSIJI pac-
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tBopamu JuirocoM B DMEM (150 MKJI) B OTCYTCTBHE
CBIBOPOTKM U MHKYOUPOBaIu B atMocdepe 5%-Horo
CO, B Teuenue 4 4 mpu 37°C, m1ocye 4ero B IyHKH 10-
6apisuu 110 16 Mxi1 FBS 1 monoaHUTEeIbHO MHKYOU -
poBaiu 20 4 ipu 37°C. ITo OKOHYaHUM MHKYOALIMU K
KJIETKaM 0e3 CMeHBI cpenbl 1obasisii pactBop MTT
(Sigma, CIIIA) no koHueHTpauuu 0.5 mr/mi. Yepes
44 KynbTypaJIbHYIO CpeIy YAAJISIIIN, KpUCTAJUILI hOop-
MaszaHa pactBopsiu B DMSO (100 Mk Ha JIYHKY),
OINpeIe/sUIM Pa3HUILy MEXIY ONTHUYSCKOM IJIOTHO-
cthio nipu 620 u 570 um (Multiscan RC, Labsystems,
@unnananug). ITornoleHue B KOHTpoJie (MHKyOa-
s Kietok B otcytcTBre KJI) mpunumanu 3a 100%
JKUBBIX KJIETOK, KOJIMYECTBO KUBBIX KJIETOK OMpeae-
JISIJTU OTHOCUTEJIbHO KOHTPOJIsI. 3HaueHus [Cy, (KOH-
LEHTpalMs JIMIIOCOM, IIPA KOTOpOil HaOmomaeTcs
ru6enb 50% KIIETOK) OIpeNeIsiivi IMyTeM 3KCTparo-
JISIUMKA KOHIIEHTPAllMOHHOM 3aBUCUMOCTHU. Pesynb-
TaThI IIPEICTaBICHBI KaK CpeIHNE 3HAYCHUS IJISI TPEX
HE3aBUCUMBIX 3KCTIEPUMEHTOB.

Tpancdekuusa KJIETOK JHUIOILIeKcaMHu, copMHpO-
BAHHBIMU KATHOHHBIMM JIMIIOCOMAMM M HYKJIEMHOBBIMH
Kucjaoramu. KiteTkm BbIcaxkuBain B 24-TyHOYHBIE
TUTQHIIETHI, KaK OMMCAHO BBIIIE, U JaBajll UM TpU-
KpenuThcs B TeueHue 24 4. B meHb TpaHcheKIun
KYJIBTYpaJIbHYIO Cpeny 3aMeHsiin Ha cpeny DMEM
(200 mxi1) ¢ 10%-Hoii CBIBOPOTKOM KpoBHU (6e3 aHTH -
ouotukoB). K kinerkam no0aBJISIM KOMILIEKCHI
nJIHK (koHeuHass KoHIIEHTpauus 2 MKI/MJ) WIA
FITC-ODN (kxoHeuHasi KoHLeHTpausi 1 MKM) c
KaTUOHHBIMU JIUTIOCOMaMU, CHOPMUPOBAHHBIMU
Ipu pas3IudHbIX cooTHomeHusx N/P, B 50 Mk
OPTI-MEM u naky6upoBaiu B atMmocdepe 5%-Ho-
ro CO, B Teuenue 4 4 mpu 37°C. B ciaygae FITC-ODN
KJIETKM aHaJIM3UpOBaiu cpasy, B ciaydae I HK gepes
4 gy cpeny 3ameHsuii Ha DMEM c 10%-noit FBS
(500 MKJI) M OOIOJIHUTEILHO WHKYOMpOBaIU IIpU
37°C B Teuenue 44 4. JIlocTaBKy HyKJIETHOBBIX KHCJIOT C
nomonipbio JlunmopekramuHa 2000 (Thermo Fisher
Scientific Inc., CIIIA) ocyiecTBISZIM COIIACHO MpPO-
TOKOJTy Ipou3Boaurest (www.thermofisher.com).

IIporounas nuromerpusi. DhheKTUBHOCTb TPAHC-
¢eKumnu KJIeTOK OLIEHUBAJIU C MTOMOIIbLIO TPOTOYHOI
nuromeTpun. Ilocie nMHKyOaIMM KJISTKUA ITPOMEBIBa-
mm ¢ocdaTHO-coJIeBbIM OydepoM, oOpabaTbiBaIu
pacTBOpPOM TPUIICHMHA B 3TOM Xe oydepe (0.5 Mr/mi)
B TedeHue 2 MuH npu 37°C 1y oTKpeIrjieHus C Io-
BEPXHOCTH JIYHKU U CYCITEHAUPOBAIN B Cpele C ChI-
BOPOTKOI /ISt UHTUOMPOBaHUS eficTBUS TPUTICUHA.
3aTeM KJIeTKM MEePEHOCHUIIN B ITPOOUPKM, OCAXKIATIHN
neHTpudyruposanueM (Contron T42K, Centricon
Instruments, MUtanus) npu 1000 06/muH (200 g) B Te-
yeHue 10 MUH, yIaIsuTd cpeay U ABa KBl IIPOMBIBATIN
dochaTHO-CcOJIEBBIM OydepoM. 3aTeM KIIeTKA (PUK-
cuposaii B 600 M1 2%-HOTO pacTBOpa hopMabie-
ruga. KoaudecTBo TpaHC(UIIMPOBAHHBIX KJIETOK W
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cpelHee 3HaYeHUEe MHTEHCUBHOCTH (pIyopecleHIIN
B KJIETOYHOM ITOIIY/ISILIMM U3MEPSIIA Ha LUTOPIYyO-
pumetpe Cytomics FC500 (Beckman Coulter, CI1IA)
¢ ucniojibzoBanueM rmporpammbl CXP Analysis (Beck-
man Coulter, CIIIA). B kaxngoM o0pa3siie aHaIu3M-
poBaiu He MeHee 20 Thic. KieToK. Bece akcnepumMeH-
TallbHbI€ TOUKM OBIIU ITOJyYeHBI B pe3ybTaTe TpeX
HE3aBUCUMBIX 3KcnepuMeHTOB. CTaHOapTHOE OT-
KJIOHEHWE He MpeBbImaio 7—9%.

SAKIIIOYEHHME

CuHTEe3npOBaHbl HOBBIE IMCYIbPUIHBIE aM@pu-
¢uIBl Ha OCHOBE XOJIeCTeprHA 1 CIEpMMUHA, OTJIMYa-
IolIMecsT CIOCOOOM TPUCOEAMHEHUSI CIEpMUHA K
ruapogooHOMY TOMeHY (CI0XKHO3(UPHBIN WX Kap-
OaMOWJIBHBINA JTUHKEpP), IJIMHOM crieiicepa, a TakkKe
KOJIMYECTBOM KaTMOHHBIX aMMOHUMHBIX rpyrm. Ka-
TUOHHBIE JIMITOCOMBI HA OCHOBE MOJYYEHHBIX COEIU -
HEHMII OKa3aJMCh HETOKCUYHBIMU I KIIETOK
HEK?293 n HelLa 1 mOJTHOCTBIO CBA3BIBAIU IIA3MU/I-
nyio JJHK B HK-numimHoMm komriekce. JINTocoMbl
S3-DOPE, conepxaiime TeTpaKaTUOHHBIN IUCYJIb-
GunHBL aMpudI, IPOISMOHCTPUPOBAIN BHICOKYIO
TpaHC(ULIMPYIOIIYIO aKTUBHOCTh, KOTOpasl B 3aBUCH-
MOCTH OT KJIETOYHOM JIMHIY ObLIa COIIOCTaBUMa C 3(-
¢exTruBHOCTBIO JIunodekramuna 2000 u Tunocom X2-
DOPE, HeuyBCTBUTENBHBIX K BOCCTAHOBJICHUIO, WJIN
npesbliagia TakoBylo. Jlumocomer S3-DOPE moryr
OBITh MCIOJIL30BaHKI 151 TPaHCHEKIIUN 3yKApUOTHIC-
CKMX KJIETOK in Vitro, a TAKKe TIPOBEICHUS TATBHENIINX
OMOJIOTMYECKUX UCIIBITAHUI in Vivo.
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Synthesis and Transfection Efficiency of Disulfide Policationic Amphiphiles

I. A. Petukhov*, P. A. Puchkov*-#, N. G. Morozova*, M. A. Zenkova**, and M. A. Maslov*- #
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*Lomonosov Institute of Fine Chemical Technologies, MIREA — Russian Technological University,
prosp. Vernadskogo 86, Moscow, 119571 Russia
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prosp. Akad. Lavrentyeva 8, Novosibirsk, 630090 Russia

The synthesis of new polycationic amphiphiles containing a disulfide group in their structure has been carried
out. Cationic liposomes were formed on the basis of the obtained compounds and helper lipid 1,2-dioleoyl-
sn-glycero-3-phosphatidylethanolamine, which demonstrated the absence of toxicity to HEK293 and HelLa
cells and high delivery efficiency of fluorescently labeled oligodeoxyribonucleotide. The efficiency of plasmid
DNA delivery depended on the cell line and structure of the amphiphile, with liposomes based on tetraca-
tionic amphiphiles being the most effective transfectants. These liposomes may be used for in vitro transfec-
tion of eukaryotic cells as well as for further in vivo biological tests.

Keywords: polycationic amphiphiles, cationic liposomes, transfection, disulfide bonds
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