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Obocnosanue. Ilpumenenue cucteMbl CRISPR/Cas9 npencrasisiercss omHUM M3 OBICTPO Pa3BUBAIOIIMXCS Ha-
MpaBJIeHUI B OMOTeXHONOTUN. JIJaHHBII MeTOom ObUT MCITOB30BaH IS TTOTYIeHUsI KIIOHOB KJIETOUHOW JIMHUU 4eJio-
BEYECKOTO MPOUCXOXICHUSI C HOKAyTOM OJHOIO MJIM HECKOJIbKUX reHoB ceMmeiicTBa IFITM, sBastionuxcs gakropa-
MU PECTPUKIINU TpUMIO3HO# nHpekium. Panee 6buto mokazaHo, 4To amboTepuliH B cIoco6GCTBYET yBeTMYEHUIO
TPUIINO3HONM MHMeEKIMU 3a cyeT 6JoKUpoBKU dyHKiMu IFITM3.

Ileavs — oueHuTh BNusiHME aMdoTepuliiHa B Ha 4yBCTBUTEIBHOCTD KJIETOK C HOKayTOM reHoB cemelictBa IFITM
K MHMEeKIMU BUPYCOM rpumma A.

Memodoaoeus. Kinerku WI-38 VA-13 n ux MyTaHTHBIE KJIOHBI ¢ HOKayToM TeHa /FITM3 (kinoH F3) wiu reHoB
IFITMI1, IFITM3 (xmon E12) 3apaxamu Bupycom rpurma A/PR/8/34 (HIN1) B mpHMCYyTCTBUM WJIM OTCYTCTBUE
amdorepuinHa B. Uepe3 48 u mocie 3apaxeHUs] OTOMpPAIA KyIbTYPaTbHYIO Cpedy IUIsl OnpenesieHuss WH(EeKIIMoH-
HOM aKTMBHOCTH BHpYCa METOIOM THUTPOBaHUs B KieTouHoil Kynbrype MDCK, a Takke reMarnIrOTHHHPYIOIICH
aKTUBHOCTH BUpYyca. 3apaxkeHHbIe KJIETKU OKpaIIuBaIH (DIyOpeCeHTHO MEUEHHBIMU aHTUTEJIaMH TIPOTUB BUPYCHOTO
6enka NP u ornpenensin KoJr4ecTBO MHMUIIMPOBAHHBIX KJIIETOK METOIOM IMPOTOYHON IIMTOMETPUM.

Pe3zyavmameut. Jlo6aBneHue amporepuiinHa B TOBBIIIANIO reMarriIoTUHUPYIONTYI0 M MH(GEKIIMOHHYIO aKTUBHOCTh
BUpYCa MpPU €ro BHECEHUU B KjIeTOuHYI0 KyabTypy WI-38 VA-13, a nj1s1 kjoHOB ¢ HokayToM reHoB /FITM pa3znuna
ObLIa HE3HAYUTeNbHAsl. AHAJIOTUYHOE COOTHOILLIEHUE ObUIO MOMYYEHO ISl AOJU 3apaXKeHHBIX KIIETOK.

3axarouenue. MyTaHTHBIC KJIETKH ¢ HOKAYTOM OJHOTO WMJIM HECKOJIbKMX TeHOB cemeiictBa IFITM 6butn omnHa-
KOBO YYBCTBUTEJIbHBI K IPUIMIIO3HON MH(EKIUY BHE 3aBUCUMOCTH OT fobaBiieHus amgoTepulinHa B, uto moareepx-
naet peutatoiiee 3HaueHue nedekra B 6enke IFITM3 B noBblllieHUM NMEPMUCCUBHOCTU KJIETOK K BUPYCY rpurna A.

KmoueBbie cioBa: HokayT IFITM3; Bupyc rpunma; kieroyHast Kyabrypa WI-38 VA-13; amdorepuniud B.
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BACKGROUND: The application of CRISPR/Cas9 is one of the most rapidly developing areas in biotechnol-
ogy. This method was used to obtain clones of a human origin cell line with knockout of one or more genes of the
IFITM family, representing host restriction factors for influenza infection. Amphotericin B has previously been shown
to promote influenza infection by blocking IFITM3 function.

AIM: The aim of this study was to evaluate the effect of amphotericin B on the sensitivity of IFITM knockout
cells to influenza A virus infection.

MATERIALS AND METHODS: WI-38 VA-13 cells and mutant clones with /F/TM3 knockout (F3 clone) or
IFITM1, IFITM3 knockout (clone E12) were infected with influenza virus A/PR/8/34 (HIN1) in the presence or
absence of amphotericin B. Forty-four hours after infection, the culture medium was taken to determine the infec-
tious activity of the virus by titration in the MDCK cell culture, as well as the hemagglutinating activity of the virus.
The infected cells were stained with fluorescently labeled antibodies against the viral NP protein, and the number of
NP-positive cells was determined by flow cytometry.
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WI-38 VA-13cells, while the difference was insignificant for clones with /FITM gene knockout. A similar dependency
was obtained for the percent of infected cells.

CONCLUSIONS: Mutant cells with a knockout of one or several genes of the IFITM family were equally sus-
ceptible to influenza infection regardless of the addition of amphotericin B, which confirms the crucial importance

‘ RESULTS: The addition of amphotericin B increased the hemagglutinating and infectious activity of the virus in

of a defect in the IFITM3 protein in increasing the permissiveness of cells to influenza A virus.

Keywords: IFITM3 knockout; influenza virus; WI-38 VA-13 cell line; amphotericin B.

O60CcHOBOHME

bemok IFITM3 BxomuT B ceMeiiCTBO TpaHC-
MeMOpaHHBIX WHTepGhEePOH-UHAYLUPYEMBbIX OeJ-
koB. Kak 6bI10 mokaszaHo panHee, oT 50 mo 80 %
3alllMTHBIX CBOMCTB HMHTepdepoHa obecreuyuBacT
uMeHHo IFITM3, OGnokupysl cIUsSTHUE BUPYCHBIX
YacTUIl M OTpaHUYMBasl TaKUM oOpa3oM BHUpYC-
Hyio mH@ekmuio [1]. B cBolo ouepenb aHTUMMU-
KOTMYECKUI TpernapaT amdoTepuiuH B moHuxka-
er IFITM3-omocpenoBaHHYIO PECTPUKLIUIO, TEM
caMbIM YBEJIMYMBAasi BUPYCHYIO peruiMkKauuio [2].
Ha ocHOBe KJI€TOUHOM KYJbTYPbl SMOPUOHATBHBIX
¢duodpoodmacroB WI-38 VA-13 ObutM MOIydeHBI JI-
HUM KJIEeTOK, aedekTHble no reny /FITM3, ¢ no-
mombio Merona CRISPR-Cas9, kak omnmcaHo pa-
Hee [3]. IIpu TpaHCKPUIITOMHOM aHaJn3e KJIOHOB
OBLTIO BBISIBJICHO, YTO KJIOH F3 xapakTtepusoBaics
CHMKeHHOM 3kcnpeccueit /FITM3, B To ke BpeMs
y kioHa E12 HokayT Takske 3aTpoHya reH IFITM 1.
B mpenplmylux WCCIeNOBaHUSX OBLIO ITOKa3aHo,
yto KjioHbl E12 n F3 Goyiee 4yBCTBUTENbHBI K UH-
ek BUPYCOM I'PUIIIA 10 CPABHEHUIO C UCXO/I-
HbIMU KJeTKaMu (HeOMmyOJIMKOBaHHBIC JaHHBIE).
C yuetoM TOro yro amdorepuliuH B momasisieT
3allluTHBIe MexaHu3Mbl [FITM3, ero nobGaBiaecHue
B KYJBTYpaJIbHYIO Cpelly MOXEeT ObITb MapKepoM
cBsI3u HokayTa reHa [FITM3 u nepMUCCUBHOCTU
K BUpPYCY TpuIIIa.

Heap naHHOl pabOTbl — OLIEHUTH BJIUSHUE
amdorepulinHa B Ha 4yBCTBUTEJIBHOCTb KJIETOK
¢ HokayToM reHoB /FITM K nHdeKIuu BUPYCOM
rpunmna A.

MaTtepuaAbl U METOADI

Knetku WI-38 VA-13 u myTtaHnTHbIe KJ10oHbI E12
(Hokayt IFITM1, IFITM3) u F3 (nokayt IFITM3)
KyJIbTUBUpOBaIU B 0azoBoii cpene DMEM/F-12
(1:1) ¢ pobGaBnenumem 1% NEAA (Gibco),
1 % Sodium pyruvate (Gibco), 1% GlutaMax
(Gibco), 1% aunrnomoruka Pen/Strep (Gibco)
n 10 % cweBoporku FBS (Gibco) B mHKybato-
pe npu 37 °C, 5% CO,. nsa 3apaxeHust KIeTOK
ucnoabs3oBayiu Bupyc A/Puerto Rico/8/34 (HIN1)
(A/PR8) B poze 2 TWUA,/xnerky (THUMI,

50 % TkKaHeBOWl WHMEKIMOHHOM mO3bI). B cpemy
IUIST 3apakeHus No0aBiIsuid (MM He J00aBIISLIN)
amdorepuinH B B KoHueHTpauuu 0,25 MKr/mi.
Yepe3 48 u rmocie BHeceHMUsI BUpyca cobupaiu
AJTUKBOTHI KYJIbTYPAITbHOM XMIKOCTH, B KOTOPBIX

BBIYMCIISIIM KOJIMYECTBO BUPYCHBIX YaCTUIl METO-
JIOM TUTPOBaHUSI C OIpeesieHueM UH(EKIIMOHHOM’
aKTUBHOCTU B KJeTouyHO KyibType MDCK nan
reMarrIioTHHUpyooIe aktuBHocth ¢ 0,5 % cy-
CMeH3Ueil KYypUHBIX 3PUTPOLMTOB. 3apakeHHbIE
KJIeTKM cobOupaiu, (pUKCUpOBaIM, MepMeaduiuv-
supoBasin (BD Cytofix/Cytoperm) u okpalliu-
Bajau (JIyOPECLIECHTHO MEUYEHHBIMM aHTUTeJIaMU
K 6enky NP Bupyca rpunmna A (OOO «IIITAIT»).
B kauecTBe KOHTPOJISI IJIs1 OKpalllMBaHUSI UCTIOJIb-
30BaJIi He3apaXeHHbIe KJIeTKU. OTHOCUTEIbHOE
KOJIMYECTBO 3apa*K€HHBIX KJIETOK MOACUYUTHIBAIN
Ha miporoyHoM uuTomeTpe Cytoflex (Beckman
Coulter).

PesyAbTaTHI M O6CYXAEHUE

B nmaHHOM uccienoBaHUU Mbl OLIEHWUJIU BJIUSI-
Hue aMmdpoTepuliriHa B Ha 4yBCTBUTENBHOCTD KJle-
TOK C HOKayTOM OJHOIO0 WJIM HECKOJbKUX T'€HOB
cemeiictBa IFITM k mHbeKunn, BbI3BAHHOI BU-
pycom rpurmia A. Knerku WI-38 VA-13 (ucxon-
Hble U MYTaHTHBIE C HOKAyTOM) 3apaxajlu BUPY-
com rpunmna A/PR8 B mpucyTrcTBUM U OTCYTCTBUE
amdorepuumHa B. Ha puc. 1 mokaszaH pe3yiib-
TaT OIpeneJeHus] TUTpa BUpPYyca, HAKOILUIEHHOTO
B KJIeTKaxX B Pa3JIM4YHBIX YCJIOBUSIX.

CoryacHO MOJYyYeHHBIM NaHHBIM B UCXOIHBIX
KJIeTKaX ¢ MojHoleHHbIM OenkoM IFITM3 Bupyc
rpunmna A HakarJIMBaJcsi B OOJIbLlIEeM TUTpEe IpU
nobaBneHnn amdorepunHa B, yem 6e3 mobOaB-
JneHus (pasHuua B 10 pas). B kinetkax F3 u E12
ampoTepuiuH B npakTUyecKu He BAUSII Ha TUTPbI
BBIICJISIIONIETOCSI BUpYyca.

Ha puc. 2 npencraBieHa pa3HMlIa B 3apaxkae-
moctu kietok WI-38 VA-13c Hokaytom IFITM3
u 6e3 Hero. MyrantHble E12 u F3 He xapakTepu-
30BAJIMCh 3HAYUTEIbHBIM U3MEHEHUEM KOJINYeCTBa
3apaXXeHHBIX KJIIETOK B 3aBUCUMOCTU OT HaJIU4us
amdorepuuHa B B cpene. B cBoio ouepenb, yuc-
JIO 3apaxkeHHBIX KJIeTok 6e3 HokayTta IFITM3 nipu
Job6asieHun amdporepulinHa B Bo3pacTano moutu
Ha 30 %.

Hcxonst u3 TIOJydeHHBIX PE3YyJabTaTOB MOX-
HO 3aK/IIOYUTh, YTO TOBBIIIEHHAs YyBCTBUTE/Ib-
HocTh KioHOB F3 u E12 x rpunio3Hoii MH(peK-
UM OOBSICHSIETCS TJaBHBIM 00pa3oM HOKayTOM
reHa [FITM3, a He ciayd4ailHbIMU 3¢ deKTaMu
o d-Taprer. MyTaHTHBIE KJIETKM C HOKAyTOM
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Puc. 1. Konmuuectso Bupyca A/PRS8, HakaruMBamollerocss B KyJIbTypallbHOU Cpele, MPU 3apakeHMU MCXOOHBIX KJIETOK
WI-38 VA-13 u myranTHbiX KJ1oHOB E12 u F3: a — umH(peKLMOHHAs aKTUBHOCTb BUpYca; b — reMarrjaloTHUHUPYIOLas

aKTUBHOCTb. AmpB — amdorepuuinH B

Fig. 1. The yield of the A/PR8 virus in the infected original WI-38 VA-13 cells and mutant clones E12 and F3: a — viral
infectious activity; » — viral hemagglutinating activity. AmpB — amphotericin B

OJTHOTO WJIM HECKOJIbKMX TeHoB ceMelictBa IFITM
OBUIM OIMHAKOBO YYBCTBUTEJbHBI K TPUIIITO3HOMN
UH(PEKIIMM BHE 3aBUCUMOCTH OT J00aBJIeHUS
amporepuinHa B, 4To MoaTBepXkAaeT pellaoliee
3HayeHue aedekra B 6enke IFITM3 B moBslle-
HUW TIEPMUCCUBHOCTU KJETOK K BHUpPYCY TpUII-
na A. MoxXHO oTMeTUTb, YTO aMdpoTepuluH B
MOBBIIIAET BOCHPUHUMYMBOCTh KJIETOK K BHUPY-
Cy TpHUIllla 3a CYET BO3ACWUCTBUS HAa MEXaHU3M
pH-onmocpenoBaHHOTrO HAOIIMTO3a, M, BO3MOXHO,
JIaHHBIN 3 OEKT OyaeT NpOSBISITHCS U AJIs1 IPYTUX
BHUPYCOB, WCIIOJB3YIOIINX YKa3aHHBI MEXaHU3M
IUISI TIPOHUKHOBEHUST B KJIETKH.

3aKAIOYEeHne

Takum o6pa3oM, TToJydeHHbIE Pe3yJbTaTbl MO-
TYT UMETb 3HAUCHUE JIJISI TPUMEHEHUST aHTUMUKO-
Tuka AMdorepuinH B 1 nmonoOHBIX eMy mpernapa-
TOB TIPM Tepaliy BUPYCHBIX MH(MEKIINIA.
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