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CnekTp n pyHKUNOHaNbHbIE CBONCTBa MyTauuin reHa ERG11
¢nykoHason-pesuncreHTHbix rpu6os Candida albicans,
BblaeneHHbiX oT BUM-nHpnymnpoBaHHbIX NaLeHTOB

HecBuxkckuin 10.B."*, ApaHacbes C.C.2, Boponaes A.[l.", Yp6aH l0.H.2, CyneiimaHoBa M.3.3,

AdaHacbesB M.C.', bygaHoBa E.B.', BoponaeBa E.A.2

'MepBbIi MOCKOBCKUI roCy[apCTBEHHbIN MeAULMHCKII YHuBepcuTeT nmeHn .M. CeyeHoBa
(CeueHoBckum YHuepcuteTt), Mocksa, Poccus;
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MockBa, Poccns;
3POCCUMINCKUI HayYHbIN LEEHTP XUPYPTUn UMeHn akagemuka b.B. MeTposckoro, MockBa, Poccus

AHHOMAayus

AxTyanbHoCTb. Hu3kas achdhekTBHOCTb Tepanumn KaHAMO03HOW UHMEKLMM a30M0BbIMU NpenapaTtamu, 0cobeH-
HO y BUY-uHMUmMpoBaHHbIX NaLMeHTOB, 3a4acTylo CBA3aHa C runepakcnpeccuen B rpubax Candida spp. reHa
ERG11, xoTopasi ob6ycrnoBnmBaeT noBbiLleHne oObEMa CMHTE3a 3ProcTeporia — MULLEHU AaHHbIX Npenaparos.
OO6Hapy»xeHbl MyTaumm reHa ERG 11, cnocobHble moandmumpoBatb 30dEKTbI €0 TMNEPIKCNPECCHM MYTEM Kak
ycuneHus, Tak n cHumxeHusa. OgHako cBedeHusl, NonyyYeHHble B pa3nuyHbIX nabopaTopusx u cTpaHax, BecbMa
NpPOTMBOPEYMBBI.

Llenb pabotbl — nccnegoBatb CnekTp U (pyHKUMOHAmNbHbIE CBOMCTBA MyTauuin reHa ERG11 B yCTOM4YMBBLIX K
dnykoHasony wrammax Candida albicans, BblaeneHHbIX oT BUY-MHOULMPOBaHHBIX NauueHToB.

MaTtepuanbl n metoabl. Viccnegosarue BbinonHeHo Ha 10 wrtammax rpubos C. albicans, BblOeMNeHHbIX U3 po-
TornoTkn BUY-MHUUMPOBaHHBLIX NaLMEHTOB U U3HaYarbHO YCTOMYMBBLIX K AEACTBUIO dlyKOHa3omna n BOpPUKO-
Hasona, 13 konnekumm MoCcKkoBCKOro Hay4HO-MCCNeAoBaTeNnbCKOro MHCTUTYTa ANMAEMMONOTNK U Mukpobronorum
um. I"H. Nabpuyesckoro. LTaMMbl 6biny oxapakTepu3oBaHbl MO YYBCTBUTENBHOCTU K aHTUMUKOTUYECKUM Npena-
patam: aHngynadyHruHy, MMkadyHrmHy, KacnodyHrHy, no3akoHasorny, BOPUKOHa30ry, nTpakoHasony, cnyko-
Hasony, amdoTtepuunHy B, 5-cbnyumTosnHy. YpoBeHb akcnpeccun reHa ERG11 namepsany ¢ NoMoLLblo Konuye-
cteeHHon MNUP. Mytauun reHa ERG 11 BbISIBNsinu NyTEM ero cekBeHMpoBaHusi no CaHrepy.

Pe3ynbratbl. B 7 wrtammax C. albicans B cTpykType reHa ERG11 Gbinv oOHapyxeHbl 5 BapMaHTOB MyTauum
(E266D, G464S, 1471L, D116E n V488l), 6 uTaMMOB OKa3anucb HOCUTEMNSIMU COYETaHHbIX MyTaLMi, KOTOPbIE He
umenu conpsbkeHus. B 6 nccnegoBanHbix Wtammax C. albicans 6bina ycTaHOBMEHa NOBbILIEHHAsA 3KCNPeccust
reHa ERG11. [Ina myTtaumm V488! Gbina xapakTtepHa CurbHas oTpuuarteribHas CBA3b C MOBLILLEHHOW SKCnpec-
cvewn reHa ERG11 (r = -0,845; p < 0,05). MuHumMansHas nHrmnbupytowas koHueHTpaumsa (MUAK) wrammos — Ho-
cuTenen mytaumm 6bina Ha 2 nopsigka Huxe (p < 0,05), yem wtammoB 6e3 myTaumii. Y HocuTenein mytauun MUK
nosakoHasona v utpakoHasorna 6binv B cpegHem B 16,5 pasa Hwxe, yem MUK BopukoHasona un dnykoHasona
(p < 0,001). Hannune myTtaumn B reHe ERG11 npakTuyeckun He oTpaxanocb Ha ypoBHe MUK TecTnpoBaHHbIX
AHTMMWKOTMKOB FpynMbl 3XMHOKaHANHOB, NOMMEHOB U NUPUMUONHA.

3aknroyeHue. B GonbwuHcTBe WitammoB C. albicans, BblaeneHHbix oT BUY-MHMUMPOBAHHLIX NaLWEHTOB U
YCTOMUMBbLIX K (briykaHasony v BOPWKOHa30ny, BbiSBMEH paa MyTaumn B reHe ERG11. 3a ncknioveHnem V488!
0oGHapy>XeHHbIe MyTaLMK HE UMENW COMNPSXKEHUSI C NOBLILLIEHHOW aKkcnpeccuer reHa ERG 11 n cHmxanm acpdekThbl
rmnepakcnpeccun reHa ERG11 go 100 pas, XoTs NOMHOCTbI HE OTMEHSNN UCXOAHON PE3UCTEHTHOCTU K TPUaso-
NoBbIM NpenapaTam.

KnroueBble cnoBa: Candida, eeH ERG11, Mymayuu, pe3ucmeHmHOCMb K aHMUMUKOMUYeCKUM rpernapamam,
BUY-uHgpekyus

Amuyeckoe ymeepxdeHue. VccrieqoBaHue npoBoAMIIoch nNpu Ao6poBObHOM MHPOPMUPOBAHHOM COrflacum nauu-
eHTOB. [poTokon nccnenosaHusa ogobpeH Komutetom no atmke KOXKHOYpanbCkoro rocyAapCTBEHHOrO MeAMLIMHCKOTO
yHuBepcuTteta (npotokon Ne 4 ot 25.04.2014).

HUcmoyHuk d)UHaHCUpOSaHUH. ABTOpr 3aABnsaT 06 OTCYTCTBUM BHELUHEro CbVIHaHCI/IpOBaHI/IFl npu nposegeHun nc-
cnegosaHuA.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U MOTEHLMATbHBIX KOH(PIIMKTOB MHTEPECOB, CBS-
3aHHbIX C NyGnnKkaume HacTosiLLen cTaTbu.

Ana yumupoeaHus: Hecauxckuii H0.B., AcdaHackeB C.C., Boponaes A.[l., Yp6aH tO.H., CyneiimaHosa M.3., Ada-
HacbeB M.C., BynaHosa E.B., Boponaesa E.A. CnekTp v dyHKUMOHaNbHbIe CBONCTBa MyTauui reHa ERG11 cnyko-
Ha3on-pe3ncTeHTHbIX rpubos Candida albicans, BblgeneHHbIX 0T BUY-uHMUMpOBaHHbIX NauneHToB. JKypHan MUukpo-
buonoeuu, anudemuonozuu u ummyHobuonozuu. 2023;100(4):285-292. DOI: https://doi.org/10.36233/0372-9311-407
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from HIV-infected patients

Yuri V. Nesvizhsky'?, Stanislav S. Afanasiev? Alexander D. Voropaev’, Yulia N. Urban?,
Mariam E. Suleymanova3 Maxim S. Afanasiev’, Elena V. Budanova’, Elena A. Voropaeva?

.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia;
2G.N. Gabrichevsky Moscow Research Institute for Epidemiology and Microbiology, Moscow, Russia;
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Abstract

Rationale. The low efficacy of azole antimycotics in treatment of Candida infections, especially in HIV-infected
patients, is often associated with overexpression of the ERG11 gene in Candida spp., which results in increased
production of ergosterol — the target of the above antimycotic drugs. Researchers have found ERG771 gene
mutations that can modify its overexpression effects by increasing or decreasing it. However, the findings reported
by different laboratories and countries are highly contradictory.

The purpose of the study is to explore the spectrum and functional properties of ERG71 gene mutations in
fluconazole-resistant Candida albicans strains isolated from HIV-infected patients.

Materials and methods. The study was performed using 10 C. albicans strains inherently resistant to fluconazole
and voriconazole and isolated from the oropharynx of HIV-infected patients; the strains were provided from the
collection of the Gabrichevsky Moscow Research Institute of Epidemiology and Microbiology. The strains were
assessed by their sensitivity to antimycotic agents: anidulafungin, micafungin, caspofungin, posaconazole,
voriconazole, itraconazole, fluconazole, amphotericin B, 5-flucytosine. Expression levels of the ERG11 gene
were measured by quantitative PCR. ERG11 gene mutations were identified by Sanger sequencing.

Results. Five mutations (E266D, G464S, 1471L, D116E, and V488/) were detected in the ERG11 gene in seven
C. albicans strains; six strains carried non-associated co-occurring mutations. Increased expression of the ERG11
gene was found in six C. albicans strains. The V488! mutation demonstrated a strong negative association with
the increased expression of the ERG 11 gene (r=-0.845; p < 0.05). The minimum inhibitory concentration (MIC) in
strains carrying mutations was a hundred times as low (p < 0.05) as MIC in strains without mutations. In mutation
carriers, posaconazole and itraconazole MICs were on average 16.5 times as low as MICs of voriconazole and
fluconazole (p < 0.001). The presence of mutations in the ERG 11 gene had almost no effect on MICs of the tested
antimycotics of the echinocandin, polyene, and pyrimidine groups.

Conclusion. Multiple mutations were detected in the ERG11 gene in most of the C. albicans strains isolated
from HIV-infected patients and resistant to fluconazole and voriconazole. Except for the V488/ mutation, the
detected mutations were not associated with the overexpression of the ERG771 gene and decreased the effects
of overexpression of the ERG11 gene by up to 100 times, though they did not eliminate the inherent resistance

to triazole antimycotics.

Keywords: Candida, ERG11 gene, mutations, resistance to antimycotic agents, HIV infection

Ethics approval. The study was conducted with the informed consent of the patients. The research protocol was
approved by the Ethics Committee of the South Ural State Medical University (protocol No. 4, April 25, 2014).

Funding source. This study was not supported by any external sources of funding.
Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication of this

article.

For citation: Nesvizhsky Yu.V., Afanasiev S.S., Voropaev A.D., Urban Yu.N., Suleymanova M.E., Afanasiev M.S.,
Budanova E.V., Voropaeva E.A. Spectrum and functional properties of ERG 11 gene mutations in fluconazole-resistant
Candida albicans strains isolated from HIV-infected patients. Journal of microbiology, epidemiology and immunobiology.
2023;100(4):285-292. DOI: https://doi.org/10.36233/0372-9311-407. EDN: https://www.elibrary.ru/pxrovi

BBepeHune

upokoe npumenenne ¢urykoHazona B mpodumak-
THKE M TEPaluH KaHIUI03HOW MH(EKIHH, 0COOCHHO B
rpyIIe WMMYHOKOMIIPOMETUPOBAHHBIX JIMI], MPHBEIIO
K pacopoCTPaHEHHIO YCTOHYMBOCTH K a30JIOBBIM IIpe-
naparam cpeau rpudo poxa Candida [1, 2]. Y rpubos

Candida spp. 4acTo HaOMIOMAETCS IMOBBIIICHHAS JKC-
MIPECCHs TCHOB, KOAUPYIOIINX CUHTE3 MHUILICHH aHTUMH-
KOTHUYECKOTO JIEKApCTBEHHOTO Ipemnapara. B stom He-
MAaJIOBaYKHYIO poJib Urpaet red ERGI1, onpenenstomuit
CTPYKTYpY JiaHOCTepoi-140-nemeriiasel. ITOT dep-
MEHT 00ecIieYrBacT KOHEUHBIN Tall CHHTE3a SProcTepo-
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Jla — BaXHOTO KOMIIOHEHTA KJIETOYHOM CTEHKH Iprda u
MHUILIEHH MIPETapaToB a30JI0BOro psAaa. 3a CUET TUIepIKe-
npeccuu rena ERGI1 obecrieynBaeTcsi CHHTE3 OOJBILO-
r0 KOJIMYECTBA DProcTepoIia, YTO B UTOTE JIENIAcT TPUOBI
pona Candida Mano4yBCTBUTEIBHBIMUA K TEpareBTHYC-
cKuM jo03am rnpernaparos [3]. Ilpu 3tom durykonaszon Mo-
KET CaM CTUMYJIHPOBATh Pa3BUTHE JAHHOTO MEXaHU3Ma
JIEKapCTBEHHOM PE3UCTEHTHOCTH MUKpoOa [4], KoTopas,
B CBOIO o4epesib, Hanbonee 3(h(eKTUBHA POTHB KOPOT-
KOLIETIOUEYHBIX a30J10B TN (1yKoHa30Ma [5].

B rene ERG1] oOHapy»XeH psii MyTauui, crocoo-
HBIX B OIPEJEIEHHON CTEIIEHU MOIUPHUIIMPOBATEH (-
¢exThl ero runepakcnpeccun. Ilpu 3ToM oHM accouu-
MpOBAJIKCh KaK C MOBBIIIEHUEM, TaK U CO CHI)KEHUEM
pe3ucTeHTHOCTH K azonam [6—10]. OnHako cBeneHwUs,
MOJy4YeHHbIC B PAa3IUYHBIX JIAOOPATOPUSX U CTpaHax,
BECbMa IIPOTUBOPEUUBHI.

Ienp HacCTOALIETO HUCCIENOBAHUS — BBISBICHUE
CIEKTpa 1 aHaj 3 GyHKIHOHAIBHBIX CBOMCTB My TalUi
reHa ERGI] B ycTOHUMBBIX K (UIyKOHA30Ily HITaMMax
C. albicans, BoigeneHnbix or BUY-unduuupoBaHHbIX
MAI[MEHTOB.

MaTepman bl 1 MeToAbl

HccnenoBanue BoinoiaHeHo Ha 10 mraMMmax rpu-
608 C. albicans, n3Ha4anbHO YCTOMUMBBIX K JCHCTBHUIO
(ryKoHa30J1a 1 BOPHUKOHA30J1a, U3 KOJUIEKIUH MOCKOB-
CKOTO Hay4YHO-HMCCJIE0BaTeNbCKOTO HHCTUTYTA JIU/IC-
MHUOJIOTUU ¥ MuKpoouonoruu um. I.H. ['abpruueBckoro
Pocnorpebnanzopa.

Itammer C. albicans ObUM OXapaKTEPU30BAHEI I10:

* CTEMEeHH HKCIPECCUU U HATTMYUIO MyTallUii B Te-
He ERG11, xonupyromem nanoctepoin-14a-me-
MeTHIIa3y;

* YyBCTBHUTEJBHOCTH K PSIy aHTHMHKOTHYECKUX
MpenaparoB, OTHOCSILMXCS K IPyIIIaM TPHa30JI0B,
SXMHOKaHWHOB, TIOIMEHOB U MUPUMUANHOB.

[tammer rpuboB C. albicans ObUIH BBIICICHBI U3

portornotkn BUY-nHGHIMPOBaHHBIX MAIIUEHTOB B BO3-
pacte 20—69 net ¢ KIMHUYECKUMU MPOSBICHUSIMHA OpPO-
(apuHreaIbHOrO KaHIU03a, HAXOAMBLIMXCS Ha CTa-
uuoHapHoM JieueHuu B KB Ne 2 . Mocksbl. BUY-un-
(bekiusl y BceX MAIMEHTOB ObUIA IMarHOCTUPOBaHA Ha
OCHOBAaHUH KJIMHUKO-3THIEMHUOJIOTHYECKUX JaHHBIX
U TOATBEp)KIeHa OOHApYKEHHEM CIeHU(PUISCKIX aH-
TUTEJI/aHTUTEHOB METOIOM UMMYHO(EPMEHTHOTO aHa-
JIU3a | JIN3aTHOTO MMMYHOOJIOTHHTA K OelKaM BUpyca
ummyHozaedunura yenoseka («Profiblot 48 TECANy,
«Asrobnor 3000») B COOTBETCTBUU C KIMHHYECKOU
kinaccuukanueir BUY-undexkuun'. ¥ Bcex obciemno-
BaHHBIX OBLIO MOJY4YeHO MH(OPMHUPOBAHHOE coracue
Ha MCIOJb30BaHHUE JAaHHBIX JTa0OPAaTOPHBIX aHAIN3O0B
B Hay4dHBIX LIeJsIX. Bce uccnenoBaHus MPOBENEHBI C
cornacust Komurera no stuke npu HOxxHOypanbckoMm

' Poccuiickass kinuHH4Yeckas kiaccudukanms BUY-undexunu.

URL: https://base.garant.ru/12145892/

rOCYJapCTBEHHOM MEIUIIMHCKOM YHUBEpcHUTeTe (Tpo-
Tokon Ne 4 ot 25.04.2014) Ha ocHOBaHUM TpeOOBaHUI
XenbCUHKCKOW Jieknapanuu BcemMupHON accoumnanuu
«OTHYecKre MPUHLUIBI IPOBEICHHUS HAYYHBIX MEAu-
LIMHCKHUX UCCIIEOBAHUH ¢ yuacTueM denoBekay 1964 r.

Bunosyto uaentudukauuio rpubos C. albicans
MPOU3BOAMIN PA3TMUYHBIMU METOIAMH:

1. OpuentupoBouHnas auddepeHuupoBka rpudos
MO IIBETY KOJIOHWH NMpH MHKYOMpPOBaHWU Ha crienudu-
4eCKUX XpoMoreHHbIXx cperax («Oxoid», «HiMediay)
npu 37°C B Teuenue 2448 4, COIIaCHO MHCTPYKILUHU
[IPOU3BOJIUTENEH;

2. OmnpeneneHue OMOXUMHUYECKONH aKTUBHOCTH
NpyU MHKYOMpPOBaHWH CTaHAAPTU30BAHHBIX CYCIICH3WH
KJIETOK B JTyHKaX IJIaHIIETOB KOMMEPYECKUX OMOXUMU-
yeckux TecT-cucteM «Remel RapID YEAST PLUS» u
«ErbaLachemay» npu 37°C B COOTBETCTBUH C HHCTPYK-
LUEH NIPOU3BOAUTENS. YUET pe3yJIbTaTOB IIPOU3BOANII-
sl BU3YaJIbHO MJTH [TOJTyaBTOMATUYECKH B KaXKIOH JTyH-
Ke, UHTEPIPETaLUs — B COOTBETCTBUH C HHCTPYKIHEH
MIPOU3BOIUTEIIS JIMOO C MOMOIIBIO O(UITUATBEHOTO TIPO-
TPaMMHOTO O0€ecIeueHHS.

3. B MynbTuIUIEKCHOM mMonuMepa3HoM IemHo
peakuuu B peansHoM Bpemenu (I1L[P-PB) ¢ ucnons3o-
BaHMEM Habopa peareHTOB Ui OJHOBPEMEHHOTO BbI-
spnenust JJHK C. albicans, C. glabrata n C. krusei c
THOPUAN3ALUOHHO-(PIYOPECIEHTHOHN AeTeKIneH «AM-
mwmmCenc C.albicans/C.glabrata/C.krusei — MYJlb-
TUITPAVIM-FL». JTHK BbIIE/sUIM M3 YHCTBIX KYJIETYP
Candida spp. ¢ ucmonp30BaHuEM HaOOPOB PEarcHTOB
«JIHK-cop6-AM» (IIHUU Dnupemuonorun Pocro-
TpeOHaa30pa) B COOTBETCTBHHM C WHCTPYKLHUEH NpO-
u3Boautens. VcnonezoBanu ammuugukarop «Applied
Biosystems 7500 Real Time PCR Systemy.

Uccnenoanu 4yBCTBUTENBHOCTh K PSAY XUHO-
KaHAWHOB (aHuaynaadyHruH, MUKadyHTHH, KacnodyH-
THH), a30J10B (II03aKOHA30J, BOPUKOHA30J, HTPaKOHA-
3011, QpykoHa3om), amdorepuunHy B u 5-¢mynuntozuny.
AHanu3 NpOBOAMIM B COOTBETCTBUU C PEKOMEHIAIIHS-
MU MeXpErnoHaJIbHOM acCoOMaluy N0 KIMHUYECKOU
MHUKPOOHOJIOrHY ¥ aHTUMUKPOOHOW XUMHUOTEPAIUH 110
OMpeeNICHHIO YyBCTBUTEILHOCTH MUKPOOPTaHU3MOB K
AHTUMHUKPOOHBIM MpenapaTaM, OCHOBAaHHBIMH Ha CTaH-
naprax CLSI M44 u M60 ans rpu0oB u craHzaprax u
Kputepusax EBponelncKkoro KOMUTETa 10 ONPEACIICHUIO
YyBCTBHTEJIILHOCTH K aHTHOMOTHKAM Ui METOAa MU-
KpOpa3BeCHUI1 U OaKTEepUATIbHBIX KYJIBTyp?.

MuHUMaJIbHYI0 MHTHOUPYIONIYI0 KOHIIEHTPALHIO
npenapara (MUK; mr/mn) onpenensian MeTomoMm ce-
PUUHBIX MUKPOPA3BEIACHUM C MOMOINBIO IUIAHIIETOB
«Sensititre YeastOnelO» («Trek Diagnostic System»)
B COOTBETCTBUU C UHCTpPyKLMeEW npoussopurens. s

2 MeXpernoHanbHask aCCOLHMAIUS 10 KIMHHIECKOH MHKPOOHOIIO-
T'MU ¥ aHTUMHUKPOOHOW xuMHoTepanuu. OnpeeseHie 4yBCTBU-
TEJIBHOCTH MHKPOOPTaHM3MOB K aHTHMHKPOOHBIM Iperaparam:
pexomenparmu. 2021. URL: https://www.antibiotic.ru/minzdrav/
category/clinical-recommendations



288

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(4)

DOI: https://doi.org/10.36233/0372-9311-407

3TOr0 HMHOKYJSAT IOJATOTABIMBAIM AHAJIOTUYHO JAHC-
KO-1u(Y3MOHHOMY METOAY, MOCJIE Yero BHOCWIH B
moaupunupoBannyio cpeny RPMI-1640 u pacnope-
JIeNAau o 96-TyHOUHBIM IUIAHIIETaM JUIS CEPUHHBIX
MUKpPOpa3BeICHUH ¢ BHECEHHBIMH CyOCTaHIUSIMH aH-
TUMUKOTHKOB [11]. Vuér pe3ynpraToB NpOU3BOAMIU
BH3yaJIbHO 110 CPAaBHEHHUIO C POCTOM B JIYHKE C I10JIO-
JKUTENbHBIM KOHTPOJIEM B COOTBETCTBUU C KPUTEPUAMU
EBpomneickoro KOMUTETa IO ONPEACIICHUIO YYBCTBU-
TEIbHOCTH K aHTHOMOTHKaM [12].

YpoHu 3kcnpeccun rena FERGII  onpenens-
qu ¢ mnomoupio konumuectBeHHou IIIIP m metona
2-AACt[13]. PHK BbIA€ms1IM 13 CYyTOUHOM YUCTOM KYIb-
TypBl HCCIEAYEMOIo IITamMMa C TMOMOIIbIO peareHTa
ExtractRNA («EBporen») B COOTBETCTBUU C UHCTPYK-
el npousBoauTens. OOparHasi TPAaHCKPUILHUS MPO-
BoJMJIachk ¢ momomblo Habopa «Pesepra-L» (UHWUU
Onuaemuonorun PocrorpebHanzopa) B COOTBETCTBUH
¢ uHCTpyKuueid npoussoautens: 30 mun npu 37°C.
B pabote ncrnonb3oBaiu clieayonme npaiMepbl:

ERGII:

* I — aactacttttgtttataatttaagatggactattga;

* R — aatgatttctgctggttcagtaggt;

PMAL:

» I — ttgaagatgaccacccaatcc;

* R — gaaacctctggaagcaaattgg;

ACTI:

* I — ttggtgatgaagcccaatcc;

* R — catatcgtcccagttggaaaca.

AMIUIM(UKAINIO OCYHIECTBISIN C IOMOIIBIO Ha-
6opa peaktuBoB ais nposeaenus [1LP-PB B mpucyT-
CTBUM WHTEpKayiupytomiero kpacutens Sybr-Green [
(«CuHTONMm») C HCHONB30BaHMEM aMIuH(uKaTopa
«Applied Biosystems 7500 Real Time PCR System»)
co caenyromumu napamerpamu: 95°C 3 mun; 40 1u-
kioB 95°C 10 ¢, 55°C 20 c.

T'enn! nomamruero xo3siicrsa ACT u PMA ucnons-
30BaJIM B KaU€CTBE KOHTPOJIBHBIX FeHOB. ba3oBble 3Ha-
yenus 2-AACt anis reHa ERG /] nony4eHsl Ipu Uccie-
JIOBaHUU YYBCTBUTENBHBIX M30JATOB (1 = 7). YpOBEHb
3KCIPECCUU HCCIIEAYEMOTO IITaMMa CUUTAIIN JJOCTOBEP-
HO TIOBBIIICHHBIM B CITy4ae, €ClM OH MpeBbIlIan 0a3o-
BbI€ CpEeTHHE 3HAYEHUS JJIs1 UyBCTBUTEJIBHBIX HU30JISITOB
(m) Gonee yeMm Ha 3 cTaHAAPTHBIX OTKIOHEHUS (30).

Hnst cexsenupoBanusi rena ERG1I no Coanrepy
[14] ucnonb3oBanu cieayronye npaiMepsl:

ERGI11-1:

* I — atggctattgttgaaactgtcatt;

* R — ggatcaatatcaccacgttctc;

ERG11-2:

* F — attggagacgtgatgctgctcaa;

* R — ccaaatgatttctgctggttcagt.

Amrunpukarmo ERGII  yis  CeKBEHUPOBaHUS
NPOBOJWJIM C HCIHOJIB30BaHHEM Habopa pEaKkTHBOB
«Qiagen PCR Master Mix, 2x» u npubopa «Applied
Biosystems Veriti» no nporpamme: 95°C 15 mun; 35 u-
kioB 95°C 40 ¢, 60°C 40 ¢, 72°C 1,5 mumn; 3arem 72°C 10
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MuH. Ounctky npoxykros [P ocymectsnsnu ¢ momo-
mipto Habopa «ExoSAP-IT» («Thermo Fisher Scientific
Inc.») B COOTBETCTBHUHU C WHCTPYKLUUEH MPOU3BOIUTEIIS.
Peakuuio cekBeHUpOBaHHUS POBOAMIN C TIOMOILBIO Ha-
0opa pearentoB «BigDye Terminator Cycle Sequencing
Kit» («Applied Biosystems») co cieayrompmMu mnapa-
merpamu: 95°C 15 mun, 35 ko 95°C 15 ¢, 55°C 15
¢, 72°C 30 ¢; 72°C 7 muH. OUUCTKY IPOIYKTOB MPO-
M3BOJWIIM C TOMOINBI0 Habopa peareHToB «BigDye
Xterminator Purification Kit» («Applied Biosystemsy),
CEKBCHHPOBAaHHE — Ha TCHETHYECKOM aHalM3aTope
«3500 Applied Biosystems» («Applied Biosystemsy).
Jis cTaTHCTUYECKOrO aHalM3a M BU3yalH3aluu
JaHHBIX HCIOJIB30BAI MpOrpaMMHOE obecreyeHue
«Microsoft Excel», «SciPy» [15], «Matplotliby» [16].
3HAUUMOCTb Pa3IMUUi MEXAy IpyNIamMH OLEHUBAJIH
o0 TOYHOMY KpuTepuio duiepa ajsi JUCKPETHBIX Be-
anuvH U U-kpurepuro MaHHa—YUTHU — JUIsL HelIpe-
prIBHBIX. KpuTHueckuii ypoBeHb OMIMOKH MPU IPOBEP-
K€ CTaTUCTUYECKHUX TMIIOTE3 MPHUHUMAIH 32 001Ienpu-
HATYI0 B MenuiuHe Bennduny p < 0,05. TecHoty cBszeit
OLICHMBAJIM B KOPPEISIIMOHHOM aHanu3e [Iupcona.

PesynbraTbl

B xome wuccinemnoBanus B 7 (70%) mrTammax
C. albicans B ctpykrype reHa ERGI] Obuin oOHapy-
KEHBl 5 BapHaHTOB MYTalUi, HACHTU(UIUPOBAHHBIX
kak E266D, G464S, I1471L, D116E n V4881. Haubo-
nee vactod Obuta Mytanus E266D, penxoit — 14711
(Ta6. 1). O61ee yncino Myraiuii coctaBuio 13.

Hocurensimu codeTaHHBIX, JBYKOMIIOHEHTHBIX
MyTanuii okaszanuch 6 (92,3%) mrammoB (Tadm. 2).
HauGonpieil CKIOHHOCTBI0O K (hOPMHUPOBAHUIO COYC-
TaHHBIX MyTanui obmagamu E266D n V4881 — mo 3
(30%) cmyuas. 3aMETHOTO COIPSDKEHUSI MEXIY MyTa-
IUsMH He HaOmonanoch — Ko3(pQUIueHT Koppesiuuu
He npesbiman 0,410.

B 60% wuccnegoBanneix mrammoB C. albicans
Obula yCTaHOBJICHA IMOBBIIMICHHAS DJKCIPECCHsl TeHa
ERGII. Tlpu 5TOM BBISBICHHBIE MYTallMd TOPa3lIo
yaie BCTPEYaIuCh B IITaMMax C THUIEPIKCIpPEcCHEr
JaHHOro reHa (Tadu. 3), uem Oe3 He€. OnHaKO cTaTu-
CTHYECKHI aHaJIU3 MPAKTHUECKU HE BBISIBUII 3HAYUMBIX
accolManyii Mexxay HUMH. Bmecte ¢ Tem ans myra-
uun V4881 Oblna XapakTepHa CHJIbHAs OTPULATEINb-
Has CBs3b C MOBBIIIEHHON 3kcmpeccueil reHa ERGII
(r=-0,845; p <0,05).

Ta6bnuua 1. MyTauun, BeisiBNeHHble B reHe ERG11
Table 1. Mutations identified in the ERG11 gene

MyTaums | Mutation Abc. | Abs. %
E266D 4 40
G464S 2 20
1471L 1 10
D116E 3 30
V4881 3 30
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Tabnuua 2. Accoumaummn MyTaLuuii, BoiSBNIEHHbIE B reHe
ERG11

Table 2. Associations of mutations identified in the ERG11
gene

MyTaqwﬂ Abc. % Kosd)d)mqmgHT accoumaumm
Mutation Abs. Association coefficient
E266D + G464S 1 10 0,100
E266D + D116E 2 20 0,356
E266D + V4881 1 10 0,089
V488l + 1471L 1 10 0,409
V4881 + D116E 1 10 0,045

Pesynprarel uccienoBaHus B3aHMMOCBA3M MyTa-
LU ¢ 9yBCTBUTEIBHOCTHIO K aHTUMUKOTHYECKUM Tpe-
raparam IpeJcTaBleHbl B TadJ1. 4, U3 KOTOPOIl BUAHO,
yt0 MUK 1mraMMoB — HOcHTENeH KakoW-JInbo MyTa-
UK ObUT MPUMEPHO PaBeH WM CYILIECTBEHHO HHXKE,
4YeM IoKa3aTelib ITaMMoB 0e3 MmyTaruii. Haubosnee 3a-
METHO BBIJENIANAcCh YyBCTBUTENIBHOCTh K Ipenaparam
aszonoBoro psaa, MUK kotopbix Obuia Ha 2 mopsijaka
HWKe Yy HocuTener myTtanuii (p < 0,05) mo cpaBHEHHIO
CO ITaMMaMH 0e3 MyTalui.

Cpenu Tpua30J0B 3aMETHO BBIIEISUIUCH MO3aKO-
Hazoun 1 urpakonason, MUK kotopsix y HocuTenen my-
Tanui ObLI Ha 2 iopsiaka Huke (p < 0,05), ueM y mram-
MOB 0e3 myranuii B rene FRGI1I. Kpome Toro, MUK
9THX MpenaparoB ObUI B cpeaHeM B 16,5 pasa Huke,
yem MUK Bopukonasona u dykonasona (p < 0,001).
U3 BBIsIBIIGHHBIX MyTaluii oOpaTuia Ha ceOsi BHUMaHue
G464S, y nocuteneit koropoit MUK TpuazonoB cHu-
KaJiCsl MeHee BBIPAXKEHHO, YeM NP APYTHX MYTaIHIX
(p < 0,05). KoppensunoHHbI# aHaI13 HE BBISIBUI 3aBH-
CUMOCTH MEXIY XUMHUYECKOU CTPYKTypOH U MOJEKY-
JIIPHOM MacCcOW TPUA30JI0BOIO IIpernapara U Hallu4uem
MYTaIHH.

Hanuuue myranuii B rene ERG /] npakTH4ecKy HE
oTpaxkanoch Ha ypoBHe MUK TecTHpOBaHHBIX 3XHHO-
KaHJUHOB, amdorepuinia B u 5-gnynurosuna. OnHa-
Ko y HocuTenei mytaunu G464S MUK anunynadyHru-
Ha, KacmopyHruHa u amporepuiHa B He3HAUUTEIBHO
CMelaiach B CTOPOHY pe3ucTeHTHOCTH (p > 0,05).

O6cyxpeHne

B xonme mnpoBen€HHOro MOIEKYISPHO-TEHETHYE-
ckoro ucciegosanus mraMmmoB C. albicans, i3Hadanb-
HO YCTOWYMBBIX K (PIyKOHA30JIy ¥ BOPUKOHA30JY, MBI
00HapyKHUJIH BEICOKYIO YaCTOTY MOBBIIIEHHOH SKCIpec-
cuu reHa ERG11, a Taxoke paa MmyTanuii B Hem: D/16E,
E266D, G464S, 1471L u V4881. Hanbonee yactoii B Ha-
mieii Beioopke C. albicans oxa3anack mytauus £266D.
Jannepie MyTanuy ObUTM ONMCAHBI paHee, OJHAKO OHU
HE UMEIOT MMOBCEMECTHOIO pacrpocTpanenus [17-26].
[Mockonbky Bce IITaMMbI OBUIM JKU3HECIIOCOOHBI, MBI
3aKIIIOYMIIU, YTO JIOKaJIU3alKs 3TUX MyTalui He 3aTpa-
rUBaja KPUTUUECKUX 00NacTell TeHoMa U OHU He SIBIIs-
I0TCSI JIeTaJIbHBIMU.

Teopernyeckn THIIEPIKCIIPECCHsT TeHa JOJDKHA
co371aBaTh ONIArONPUSITHBIE YCTIOBUSI U1l MyTAlJHOHHOTO
WIM PEeKOMOMHAMOHHOTO Mpouecca. OnHako B COOT-
BETCTBHUHU C MOJYYCHHBIMH HaMH JaHHBIMH MYTaluH B
rene ERG 11 He CBSI3aHBI C €0 MOBBIIIICHHOMN SKCIPECCH-
eil. bonee Toro, runepakcnpeccus reHa U €ro MyTanus
V4881 waie BCEro MOSBISUTUCH AUCKOPAAHTHO. MOX-
HO TIPEATOIOKHUTh, YTO CaMO BO3HHKHOBEHHE MYTalluu
V4881 610xMpyeT BOBMOKHOCTD MYJIBTUIUIMKAIIMY TEHA.

OnHolt 13 ocobeHHOCTe 0OHapyKEHHBIX MyTa-
LU SBWIOCH MX COYETAHHOE MposBIIcHHE. J[aHHBIN
¢axT B oTHOmeHUU MyTauuil £E266D u G464S 6b1n pa-
Hee nokaszaH uccnenonarensimu u3 Kuras, CIIA u psga
Ipyrux ctpad [7, 20, 25, 27-30]. Mexnay TteM, ucxozs
13 BBISBIICHHON HaMHU HU3KOW BEPOSITHOCTH CLICTUICHUS
MEXIY OTACNBbHBIMH MYTalUsSMH, OTMEUCHHOE CIEIy-
€T paccMaTpuBaTh KaK cly4aiiHoe coObITHE. DTO O3Ha-
YaeT, 4yTo, CKOpee BCEro, MyTalllu HE CLEIJICHBI APYyT
C JpYyroMm, T.e. OHHU 00OpPa3yroTCs HE3aBUCHMO APYT OT
Jpyra, B pa3IMYHBIX y4yacTKax reHa, a uX JIOKaJu3amuus
HUYEM HE IeTCPMHUHUPYETCS.

ITocrostHHbIN TPUEM a30J10BBIX IIPENIAPATOB B KIIU-
Huke BUY-nHGHIMpoBaHHBIX NAMEHTOB ¢ opodapuH-
reajbHbIM KaHAWA030M OKa3bIBa€T MOIIHOE AaBJICHUE
Ha nonymsinuto C. albicans — B Hell HaKalJIMBalOTCS
PE3UCTEHTHBIE IITAMMBI, B TOM YHUCIIE C TOBBILICHHON
skcnpeccueil reHa ERG1I. C QpyHKUNOHANBHOW TOYKH
3peHHUsl JaHHBIA MEXaHU3M JIMIIb 00ECTIeYNBAET MOBBI-

Tabnuua 3. Accounauns MyTauun B reHe ERG11 ¢ ero runepakcnpeccuen
Table 3. Association of mutations in the ERG 17 gene with its hyperexpression

Ltammbl € runepakcnpeccuen reHa Litammbl 6e3 runepakcnpeccum reHa KoadhpuumeHT
MyTtauus Strains with overexpression of the gene | Strains without overexpression of the gene accouunaumm
Mutation Association
abc. | abs. % abe. | abs. % coefficient

E266D 3 75,0 1 25,0 0,251
G464S 1 50,0 1 50,0 0,457
1471L 1 100,0 0 0,0 -
D116E 2 66,7 1 33,3 0,094
V488l 1 33,3 2 66,7 -0,845
Bcero | The sum 8 61,5 5 38,5 0,089
CoyetaHHble | Combined 4 66,7 2 33,3 0,251
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o o o o o o o
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$5|c 5535550 3o DII6E, G464Su E266D [5-7,9, 10, 17, 22, 24, 31-36],
= +H o+ H o+ O+ +
£l x 8 o X LG ol rae Oblla MOKa3aHa MX accolWanusi ¢ MHOTOKPATHBIM
BEIR NS S 200N 2 noseimeneM MUK npenapatoB asonosoro psiaa. Bme-
=5|oc o o o o o
< cTe ¢ TeM MmyTatmsa V4881, a Takxke B psiie UCCIEIOBa-
S 8o b oo 8o 8 Hull mytaimu £E266D w D116FE 0butd HEUTpaJIbHBIMU U
[ o S © & S = =
g% S8 2858y He Biusin Ha BemuunHy MUK [4-6, 9, 32, 37]. Cuuraer-
= < 5 S .
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(o] ™ (=] (] o
=y 2538338388838 ¢g MEXaHU3M MOXET He 3a/eicTBoBarbes [20].
bl s § 0 88 2 g &g B omnnume OT UUTHPOBAHHBIX BBIIIE PaOOT ApY-
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o o v
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o b .
qé— es8 33 =-838884 poBanuble mtammMbl C. albicans OblM pe3UCTEHTHBIMH.
< = S 6 5 6 S © S o 9 &
s & © © e ® e ©v © © JInme myTtanus G464S HeMHOTO OTCTaBana B MposiBIIe-
S 2 o
25 HUU TAKUX CBOUCTB. MOXKHO IIPEJIIONOXKUTh, YTO BbI-
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L= O v« O N O « y N O «
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[ToaTomy mosyueHHBIE B pabOTe PE3yNIbTaThl CICAYET
pacueHuBaTh Kak 0COOEHHOCTh MOCKOBCKOTO PErHOHA.
BwMmecrte ¢ TeM O0TCyTCTBHE OMHO3HAYHOTO CYXIICHHS 00
a¢dexrax myranuii rena ERG11 TpeOyet najibHeHImx
WCCJICJIOBAaHUH, B TOM YHCJIE KIIMHUYCCKUX.

BbiBOADI

1. B ctpykrype rena ERG 11 mutammos C. albicans,
BblIeNIeHHBIX 0T BWY-uHOUIMpPOBaHHBIX ManKeH-
TOB, *kuTeled MOCKBBI, BBISBICHBI MyTanuu DI116FE,
E266D, G464S, I471L n V488I.

2. 3a uckirouenueM V4881 oOHapy)eHHbIE MyTa-
LMY HE UMEIOT CONPSKEHMS C TMOBBIIIEHHON JKCIpec-
cueii rena ERGI1.

3. Wtammet C. albicans — HOCUTENW MyTalluid —
obutn 10 100 pa3 Gonee 4yBCTBUTENBHBI K TPHUA30JI0-
BbIM IpenaparaMm. Hanuuume MyTanuid He BIMSJIO HA
YYBCTBUTEJIBHOCTh K 9XWHOKaHJMHAM, MOJUEHY U IHU-
PUMUINHY.

CIIMCOK UCTOUYHUKOB | REFERENCES

1. Enoch D.A., Yang H., Aliyu S.H., Micallef C. The changing
epidemiology of invasive fungal infections. Methods Mol. Biol.
2017;1508:17-65.

DOI: https://doi.org/10.1007/978-1-4939-6515-1_2

2. Pfaller M.A., Diekema D.J., Gibbs D.L., et al. Results from the
ARTEMIS DISK Global Antifungal Surveillance Study, 1997 to
2007: a 10.5-year analysis of susceptibilities of Candida species
to fluconazole and voriconazole as determined by CLSI stan-
dardized disk diffusion. J. Clin. Microbiol. 2010;48(4):1366—
77. DOL: https://doi.org/10.1128/jcm.02117-09

3. Biswas C., Chen S.C., Halliday C., et al. Identification of ge-
netic markers of resistance to echinocandins, azoles and 5-fluo-
rocytosine in Candida glabrata by next-generation sequencing:
a feasibility study. Clin. Microbiol. Infect. 2017;23(9):676.
e7—e.10. DOI: https://doi.org/10.1016/j.cmi.2017.03.014

4. Sanguinetti M., Posteraro B., Lass-Flor]l C. Antifungal drug re-
sistance among Candida species: mechanisms and clinical im-
pact. Mycoses. 2015;58(Suppl. 2):2—13.

DOTI: https://doi.org/10.1111/myc.12330

5. Godinho C. P., Sé-Correia 1. Physiological Genomics of Mul-
tistress Resistance in the Yeast Cell Model and Factory: Focus
on MDR/MXR Transporters Progress in Molecular and Subcel-
lular Biology. Cham; 2019:1-35.

6. Castanheira M., Deshpande L.M., Messer S.A., et al. Analysis
of global antifungal surveillance results reveals predominance
of Ergll Y132F alteration among azole-resistant Candida
parapsilosis and Candida tropicalis and country-specific isolate
dissemination. Int. J. Antimicrob. Agents. 2020;55(1):105799.
DOI: https://doi.org/10.1016/j.ijantimicag.2019.09.003

7. Cernicka J., Subik J. Resistance mechanisms in fluconazole-re-
sistant Candida albicans isolates from vaginal candidiasis. Int.
J. Antimicrob. Agents. 2006;27(5):403-8.

DOI: https://doi.org/10.1016/j.ijjantimicag.2005.12.005

8. Lim H.J., Shin J.H., Kim M.N., et al. Evaluation of two com-
mercial broth microdilution methods using different interpretive
criteria for the detection of molecular mechanisms of acquired
azole and echinocandin resistance in four common Candida spe-
cies. Antimicrob. Agents Chemother. 2020;64(11):¢00740-20.
DOI: https://doi.org/10.1128/aac.00740-20

9. Lopes W., Vainstein M.H., Schrank A. Revealing colonial char-
acteristics of Candida tropicalis by high-resolution scanning
electron microscopy. Clin. Microbiol. Infect. 2019;25(2):188-9.
DOIL: https://doi.org/10.1016/j.cmi.2018.06.032

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Pappas P.G., Kauffman C.A., Andes D.R., et al. Clinical prac-

tice guideline for the management of candidiasis: 2016 update
by the infectious diseases society of America. Clin. Infect. Dis.
2016;62(4):e1-50. DOI: https://doi.org/10.1093/cid/civ933
Bertout S., Dunyach C., Drakulovski P., et al. Comparison of the
Sensititre YeastOne® dilution method with the Clinical Labo-
ratory Standards Institute (CLSI) M27-A3 microbroth dilution
reference method for determining MIC of eight antifungal agents
on 102 yeast strains. Pathol. Biol. (Paris). 2011;59(1):48-51.
DOI: https://doi.org/10.1016/j.patbio.2010.07.020

Sanguinetti M., Posteraro B. Susceptibility testing of fungi to
antifungal drugs. J. Fungi. (Basel). 2018;4(3):110.

DOI: https://doi.org/10.3390/j0f4030110

Livak K.J., Schmittgen T.D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Del-
ta C(T)) Method. Methods. 2001;25(4):402-8.

DOI: https://doi.org/10.1006/meth.2001.1262

Men A., Wilson P., Siemering K., Forrest S. Sanger DNA Se-
quencing. Weinheim; 2008:1-11.

Virtanen P., Gommers R., Oliphant T.E., et al. SciPy 1.0: fun-
damental algorithms for scientific computing in Python. Nat.
Methods. 2020;17(3):261-72.

DOI: https://doi.org/10.1038/s41592-019-0686-2

Hunter J.D. Matplotlib: A 2D graphics environment. Comput.
Sci. Eng. 2007;9(3):90-5.

DOI: https://doi.org/10.1109/MCSE.2007.55

Xu'Y., Chen L., Li C. Susceptibility of clinical isolates of Can-
dida species to fluconazole and detection of Candida albicans
ERG11 mutations. J. Antimicrob. Chemother. 2008;61(4):798—
804. DOL: https://doi.org/10.1093/jac/dkn015

Chau A.S., Mendrick C.A., Sabatelli F.J., et al. Application of
real-time quantitative PCR to molecular analysis of Candida
albicans strains exhibiting reduced susceptibility to azoles. An-
timicrob. Agents Chemother. 2004;48(6):2124-31.

DOI: https://doi.org/10.1128/aac.48.6.2124-2131.2004

Favre B., Didmon M., Ryder N.S. Multiple amino acid sub-
stitutions in lanosterol 14a-demethylase contribute to azole
resistance in Candida albicans. Microbiology (Reading).
1999;145(Pt. 10):2715-25.

DOI: https://doi.org/10.1099/00221287-145-10-2715

Flowers S.A., Colon B., Whaley S.G., et al. Contribution of
clinically derived mutations in ERGI11 to azole resistance in
Candida albicans. Antimicrob. Agents Chemother. 2015;59(1):
450-60. DOLI: https://doi.org/10.1128/aac.03470-14

Goldman G.H., da Silva Ferreira M.E., dos Reis Marques E., et
al. Evaluation of fluconazole resistance mechanisms in candida
albicans clinical isolates from HIV-infected patients in Brazil.
Diagn. Microbiol. Infect. Dis. 2004;50(1):25-32.

DOI: https://doi.org/10.1016/j.diagmicrobio.2004.04.009
Kakeya H., Miyazaki Y., Miyazaki H., et al. Genetic analysis of
azole resistance in the Darlington strain of Candida albicans.
Antimicrob. Agents Chemother. 2000;44(11):2985-90.

DOI: https://doi.org/10.1128/aac.44.11.2985-2990.2000

Kelly S.L., Lamb D.C., Kelly D.E. Y132H substitution in Can-
dida albicans sterol 14a-demethylase confers fluconazole resis-
tance by preventing binding to haem. FEMS Microbiol. Lett.
1999;180(2):171-5.

DOI: https://doi.org/10.1111/j.1574-6968.1999.tb08792.x
Perea S., Lopez-Ribot J.L., Kirkpatrick W.R., et al. Prevalence
of molecular mechanisms of resistance to azole antifungal
agents in Candida albicans strains displaying high-level flu-
conazole resistance isolated from human immunodeficien-
cy virus-infected patients. Antimicrob. Agents Chemother.
2001;45(10):2676—-84.

DOI: https://doi.org/10.1128/aac.45.10.2676-2684.2001
Sanglard D., Ischer F., Koymans L., et al. Amino acid substi-
tutions in the cytochrome p-450 lanosterol 14a-demethylase
(CYP51A1) from azole-resistant Candida albicans clinical iso-



292

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(4)

DOI: https://doi.org/10.36233/0372-9311-407

lates contribute to resistance to azole antifungal agents. Antimi-
crob. Agents Chemother. 1998;42(2):241-53.
DOIL: https://doi.org/10.1128/aac.42.2.241

26. Xiang M.J., Liu J.Y., Ni P.H., et al. Ergl1 mutations associated
with azole resistance in clinical isolates of Candida albicans.
FEMS Yeast Res. 2013;13(4):386-93.
DOI: https://doi.org/10.1111/1567-1364.12042

27. Franz R., Kelly S.L., Lamb D.C., et al. Multiple molecular
mechanisms contribute to a stepwise development of fluco-
nazole resistance in clinical Candida albicans strains. Antimi-
crob. Agents Chemother. 1998;42(12):3065-72.
DOI: https://doi.org/10.1128/aac.42.12.3065

28. Li X., Brown N., Chau A.S., et al. Changes in susceptibility to
posaconazole in clinical isolates of Candida albicans. J. Antimi-
crob. Chemother. 2004;53(1):74-80.
DOI: https://doi.org/10.1093/jac/dkh027

29. Marichal P., Koymans L., Willemsens S., et al. Contribution
of mutations in the cytochrome P450 14alpha-demethylase
(Ergllp, Cyp51p) to azole resistance in Candida albicans. Mi-
crobiology (Reading). 1999;145(Pt. 10):2701-13.
DOI: https://doi.org/10.1099/00221287-145-10-2701

30. Kelly S.L., Lamb D.C., Loeffler J., et al. The G464S amino
acid substitution in Candida albicans sterol 14alpha-demethy-
lase causes fluconazole resistance in the clinic through reduced
affinity. Biochem. Biophys. Res. Commun. 1999;262(1):174-9.
DOI: https://doi.org/10.1006/bbrc.1999.1136

31. Favre B., Ryder N.S., Didmon M. Multiple amino acid substitu-
tions in lanosterol 14a-demethylase contribute to azole resistance

UHpopmayusi 06 asmopax

Hecsuxckuti FOputi Bnadumuposud™ — a.M.H., npoceccop, npodec-
cop kad. mMukpobuonorum, sBupyconormm n ummyHornorun MMMy
um. .M. CeueroBa (CeuveHoBckuin YHuBepcuTeT), Mocksa, Poccus;
r.H.c. MHWN3uM um. I H. Mabpuyesckoro, Mocksa, Poccus,
nesviz@mail.ru, https://orcid.org/0000-0003-0386-3883

AgpaHacbee CmaHucnas CmernaHog8u4d — A.M.H., Npodeccop, N.H.C.
MHUN3uM um. IH. Mabpuyesckoro, Mockea, Poccus,
https://orcid.org/0000-0001-6497-1795

Boponaes AnekcaHOp Amumpuesuy — acnupaHT Kadeapbl MUKPO-
6uonorun, Bupyconorun u ummyHonoruv MMMy um. .M. CeyeHo-
Ba (CeuveHoBckui YHuBepcuTeT), MockBa, Poccus,
https://orcid.org/0000-0002-6431-811X

Ypba+ KOnua HukonaesHa — K.6.H., C.H.C. nab. KNMHUYECKOWN MU-
kpobuonorum n 6uotexHonorum MHUNIUM um. I H. Mabpuyesckoro,
Mocksa, Poccus, https://orcid.org/0000-0003-0189-3608

CynetimaHosa Mapbsm OmunbesHa — oppuHatop, Poccuiickuin Ha-
YYHbIN LEHTP XMpyprum nMmeHun akagemwuka b.B. MNetposckoro, Mo-
ckBa, Poccus, https://orcid.org/0000-0002-9255-6481

AcgbaHacbee Makcum CmaHucriagosuy — f.M.H., Npod. Kad. KMMHU-
Yyeckon annepronorun n ummyHonorum NMMIMY um. .M. CeveHoBa
(CeueHoBckuin YHuBepcuTeT), Mocksa, Poccus,
https://orcid.org/0000-0002-5860-4152

bydaHosa EneHa BsivecnagogHa — K.M.H., [OLEHT, AOLEHT kad. mu-
Kpobuonoruum, Bupyconorum n ummyHonorum NMMrMy um. .M. Ceve-
HoBa (CeueHoBckuin YHuepcuteT), Mocksa, Poccus,
https://orcid.org/0000-0003-1864-5635

Bopornaesa EneHa AnekcaHOposHa — p.M.H., .H.c. MHAN3OuM
um. "H. Mabpuyesckoro, Mockea, Poccus,
https://orcid.org/0000-0002-0463-0136

Yyacmue aemopoe. Bce aBTOpbl BHECNN CYLLECTBEHHbIN BKNaz B

nposeneHne NOWNCKOBO-aHaNUTU4YECKON paGon:l N NOAroToBKY CTa-

TbW, NPOYNN 1 ogoGpunu dunHanbHyo Bepcuio oo I'Iy6r|l/|KaLl,VIVI.
CraTbs noctynuna B pegakumio 23.05.2023;

npuHsiTa k ny6nukauum 12.07.2023;
ony6nukosaHa 28.08.2023

ORIGINAL RESEARCHES

in Candida albicans. Microbiology (Reading). 1999;145(Pt. 10):
2715-25.
DOI: https://doi.org/10.1099/00221287-145-10-2715

32. Finkina E.I., Bogdanov I.V., Ignatova A.A., et al. Antifungal
activity, structural stability, and immunomodulatory effects on
human immune cells of defensin from the lentil Lens culinaris.
Membranes (Basel). 2022;12(9):855.
DOI: https://doi.org/10.3390/membranes12090855

33. Lee Y., Puumala E., Robbins N., Cowen L.E. Antifungal drug
resistance: molecular mechanisms in Candida albicans and
beyond. Chem. Rev. 2020;121(6):3390—411.
DOTI: https://doi.org/10.1021/acs.chemrev.0c00199

34. Whaley S.G., Berkow E.L., Rybak J.M., et al. Azole antifungal
resistance in Candida albicans and emerging non-albicans Can-
dida species. Front. Microbiol. 2017;7:2173.
DOI: https://doi.org/10.3389/fmicb.2016.02173

35. WhiteP.L.,PricelJ.S.,CordeyA., Backx M. Moleculardiagnosis of
yeast infections. Curr. Fungal Infection Rep. 2021;15(3):67-80.
DOTI: https://doi.org/10.1007/s12281-021-00421-x

36. Ruhnke M., Eigler A., Tennagen I., et al. Emergence of fluco-
nazole-resistant strains of Candida albicans in patients with re-
current oropharyngeal candidosis and human immunodeficien-
cy virus infection. J. Clin. Microbiol. 1994;32(9):2092-8.
DOI: https://doi.org/10.1128/jcm.32.9.2092-2098.1994

37. Gabaldon T., Fairhead C. Genomes shed light on the secret life
of Candida glabrata: not so asexual, not so commensal. Curr:
Genet. 2019;65(1):93-8.
DOTI: https://doi.org/10.1007/500294-018-0867-z

Information about the authors

Yuri V. Nesvizhsky®® — D. Sci. (Med.), Professor, Department of mi-
crobiology, virology and immunology, .M. Sechenov First Moscow
State Medical University (Sechenov University), Moscow, Russia;
chief researcher, G.N. Gabrichevsky Research Institute for Epidemio-
logy and Microbiology, Moscow, Russia, nesviz@mail.ru,
https://orcid.org/0000-0003-0386-3883

Stanislav S. Afanasiev — D. Sci. (Med.), Professor, main researcher,
G.N. Gabrichevsky Research Institute for Epidemiology and Microbi-
ology, Moscow, Russia, https://orcid.org/0000-0001-6497-1795

Alexander D. Voropaev — postgraduate student, .M. Sechenov First
Moscow State Medical University (Sechenov University), Moscow,
Russia, https://orcid.org/0000-0002-6431-811X

Yulia N. Urban — Cand. Sci. (Biol.), senior researcher, Laboratory
of clinical microbiology and biotechnology, G.N. Gabrichevsky Re-
search Institute for Epidemiology and Microbiology, Moscow, Russia,
https://orcid.org/0000-0003-0189-3608

Mariam E. Suleimanova — resident, Petrovsky National Research
Center of Surgery, Moscow, Russia,
https://orcid.org/0000-0002-9255-6481

Maxim S. Afanasiev — D. Sci. (Med.), Professor, Chair of clinical al-
lergology and immunology, I.M. Sechenov First Moscow State Medi-
cal University (Sechenov University), Moscow, Russia,
https://orcid.org/0000-0002-5860-4152

Elena V. Budanova — Cand. Sci. (Med.), Associated professor,
.M. Sechenov First Moscow State Medical University (Sechenov
University), Moscow, Russia, https://orcid.org/0000-0003-1864-5635

Elena A. Voropaeva — D. Sci. (Biol.), G.N. Gabrichevsky Research
Institute for Epidemiology and Microbiology, Moscow, Russia,
https://orcid.org/0000-0002-0463-0136

Author contribution. All authors made a substantial contribution to

the conception of the work, acquisition, analysis, interpretation of da-

ta for the work, drafting and revising the work, final approval of the
version to be published.

The article was submitted 23.05.2023;

accepted for publication 12.07.2023;

published 28.08.2023



