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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 ERG11 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 ERG11 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. ERG 11 gene mutations were identified by Sanger sequencing.

Results. Five mutations (E266D, G464S, 1471L, D116E, and V488I) were detected in the ERG17 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 171 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 ERG71 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 ERG77 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.
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CnekTp n pyHKUNOHaNbHbIE CBONCTBA MyTauuii reHa ERG11
¢nykoHason-pesuncrteHTHbix rpu6os Candida albicans,
BblAeneHHbiX oT BUM-uHpunumnpoBaHHbIX NaLeHToB

HecBuxckuii 10.B."*, ApaHacbes C.C.2, Boponaes A.[1.", Yp6aH l0.H.2, CyneiimaHoBa M.3.3,
AdaHacbeB M.C.', bygaHoBa E.B.', BoponaeBa E.A.?

MepBbln MOCKOBCKWI FOCYAaPCTBEHHBIN MeaULMHCKII yHUBepcuTeT umeHn V.M. CeyeHoBa

(CeueHoBckmin YHuBepcutet), MockBa, Poccns;

2MOCKOBCKUIA HAyYHO-UCCNEeA0BaTENbCKNIA MHCTUTYT SNMAEMUONONUN U MUKpobronorum um. ILH. labpunueBckoro,
Mocksa, Poccus;

3POCCMINCKNIA HayYHBIN LEHTP XNPYPrv MMeHn akagemuka b.B. Metposckoro, MockBa, Poccus

AHHOMauus

AxTyanbHoCcTb. Huskas aphekTMBHOCTb Tepanumn KaHAMO03HOW UHAEKLMM a30M0BbIMU NpenapaTamMmu, 0Co6eH-
HO y BUY-nH(pMLMpOBaHHbBIX NaLMEeHTOB, 3a4acTylo CBsi3aHa C runepakcnpeccuent B rpnbax Candida spp. reHa
ERG11, xoTopas oOycrnoBnuBaeT NoBbILLEHNE OObEMA CMHTE3a 3ProcTeporna — MULLEHU OaHHbIX NpenapaTos.
OGHapyeHbl MyTaumm reHa ERG 11, cnocobHble moanduumnpoBaTtb 3dEKTbI Er0 TMNEpPaIKCNpPeccm NyTém kak
yCcuneHus, Tak n cHmwkeHnsa. OgHako cBefeHusl, NonyvYeHHble B pa3nuyHbix nabopartopusix n crpaHax, Becbma
NpOTMBOPEYMBBI.

Uenb paboTbl — nccnenoBatb CNeKTp M (OyHKUMOHAnNbHbIE CBOWCTBA MyTauun reHa ERG11 B yCcTOMUMBBIX K
dnykoHasony wrammax Candida albicans, BblaeneHHbIx oT BUY-mHbULMpOBaHHbIX NaLMeHTOB.

Matepunanbl n metoabl. ViccnegoBaHue BoinonHeHo Ha 10 wtammax rpubos C. albicans, BbloeneHHbIX U3 po-
Tornotkn BUY-MHPULMPOBaAHHBIX NaLMEHTOB 1 U3HaYarbHO YCTOMYMBBLIX K AEUCTBUIO (oriyKoHa3ona n BOPUKO-
Ha3ona, 13 konnekumm MoCcKoBCKOro Hay4HO-UCCNeaoBaTeNbCKOro MHCTUTYTa ANMAEMUOIOrN U MUKpobronorum
um. IH. Mabpwnyeckoro. LTtammbl Obiny oxapakTepu3oBaHbl N0 YyYBCTBUTENBLHOCTU K aHTUMUKOTUYECKUM Npena-
patam: aHngynadyHruHy, MukadyHriHy, KacnodyHrHy, no3akoHa3ory, BOPUKOHa3ory, utTpakoHasony, dyko-
Hasony, amdoTepuuunHy B, 5-dnyumTosuHy. YpoBeHb akcnpeccun reHa ERG11 namepsanu ¢ noMoLLblo Konuye-
ctBeHHon MUP. MyTtauun reHa ERG 11 BbISIBNSNM NyTEM ero cekBeHMpoBaHus no CaHrepy.

PesynbraTtbl. B 7 wrammax C. albicans B cTpykType reHa ERG711 6binv oGHapyXeHbl 5 BapuaHTOB MyTauui
(E266D, G464S, 1471L, D116E n V488l), 6 LuTaMMOB OKa3anucb HOCUTENSIMU COYETaHHbIX MyTaLWi, KOTOPbIE He
umenu conpsbkeHusi. B 6 nccnenosaHHbix wtammax C. albicans Gbina ycTaHOBNEHa NOBbLILLEHHAsS 3KCNpeccus
reHa ERG11. Ona myTtaumm V488/ 6bina xapaktepHa cunbHasi oTpuuartenbHasa CBA3b C MOBbILLEHHOW SKCMpec-
cven reHa ERG11 (r = -0,845; p < 0,05). MuHnmansHas nHrnbupytowas koHueHTpaumsa (MUK) wrammos — Ho-
cuTenen mytaumm bbina Ha 2 nopsigka Huxe (p < 0,05), yem wTammoB 6e3 MyTauuii. Y HocuTenen myTtaumn MUK
nosakoHasorna v utpakoHasorna 6binu B cpegHem B 16,5 pasa Hwke, yem MUK BopukoHasona u dnykoHasorna
(p < 0,001). Hannune myTtaumn B reHe ERG11 npakTuyeckn He oTpaxanocb Ha ypoBHe MWK TectupoBaHHbIX
@HTMMUWKOTMKOB IPynMbl 3XMHOKaHAWHOB, MONIMEHOB U NUPUMUANHA.

3akntoyeHme. B GonblwimHcTBe WwWTammoB C. albicans, BbiaeneHHbix oT BUY-mHGUUMpOBaHHbLIX NAunEHTOB U
yCTOMUMBbLIX K (hriyKaHasony u BOPUKOHA30My, BbISBMEH psag MyTaumn B reHe ERG1711. 3a ucknioyeHnem V488/
06Hapy>KeHHbIe MyTaLMW HE UMENU COMPSKEHUS C NOBbILLEHHON aKcrnpeccuel reHa ERG 11 n cHwxanu acpdekTbl
rmnepakcnpeccun reHa ERG11 go 100 pas, XoTst NOMHOCTLIO HE OTMEHSNIN UCXOAHOW PE3UCTEHTHOCTU K TPUaso-
NoBbIM NpenapaTtam.

KnroueBble cnoBa: Candida, eceH ERG11, Mymauyuu, pe3ucmeHmHOCMb K aHMUMUKOMUYECKUM fpenapamam,
BUY-uHgpekyus

Amuyeckoe ymeepxdeHue. ViccrnefoBaHue nNpoBoOAMIIOCH Npu OGPOBOSIbHOM UH(OPMUPOBAHHOM COrflacuy nawu-
eHToB. [poTokon nccnenosaHnsa opobpeH Kommtetom no atvke KOXXHOYpanbCKoro rocyAapCTBEHHOMO MeANLIMHCKOTO
yHuBepcuteta (npotokon Ne 4 ot 25.04.2014).

UcmoyHuk puHaHcupoesaHus. ABTOpPbI 3asBNAOT 06 OTCYTCTBUM BHELLHEro hMHaHCUPOBaHWSA Npyu NpoBeAeHnn 1c-
crnepoBaHus.

Konghnnukm uHmepecos. ABTOpPbI AeKnapupyoT OTCYTCTBME SIBHbIX U NOTEHLMamNbHbIX KOH(MUKTOB MHTEPECcoB, CBS-
3aHHbIX C Nybnmkaumen HacTosILLen cTaTby.

Ana yumupoeaHusi: Hecauxckuii KO.B., AdaHackes C.C., Boponaes A.[l., YpbaH tO.H., CyneiimaHosa M.3., Ada-
HacbeB M.C., BynaHoBa E.B., BoponaeBa E.A. CnekTp v dyHKUMOHanNbHbIe CBONCTBa MyTauuii reHa ERG11 cnyko-
Ha3on-pe3ncTeHTHbIX rpubos Candida albicans, BblaeneHHbIx oT BUY-uHbMUMpOBaHHbIX NauneHToB. XKypHarn MUKpo-
buonoauu, anudemuonoauu u ummyHobuonozuu. 2023;100(4):285-292. DOI: https://doi.org/10.36233/0372-9311-407
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Introduction

The widespread use of fluconazole in the preven-
tion and treatment of Candida infection, especially
among immunocompromised individuals, promoted
the resistance to azole antimycotics among fungi of the
genus Candida [1, 2]. Candida spp. frequently display
overexpression of genes encoding the synthesis of the
antimycotic drug target. An important role belongs to
the ERG 11 gene encoding lanosterol 14-a-demethylase.
This enzyme participates in the final step of the syn-
thesis of ergosterol — an integral part of the fungal cell
membrane and the target of azole antimycotics. Over-
expression of the ERG1I gene results in elevated er-
gosterol synthesis, thus decreasing the Candida species
sensitivity to therapeutic dosages of antimycotics [3].
At the same time, fluconazole can promote the devel-
opment of the mechanism of microbial drug resistance
[4], which, in its turn, is especially high against short-
chain azoles like fluconazole [5].

A number of mutations detected inthe ERG 1/ gene
can modify the effects of its overexpression to a certain
extent. They were associated both with an increase and
with a decrease in resistance to azoles [6—10]. How-
ever, 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 ERG// gene mutations in
fluconazole-resistant C. albicans strains isolated from
HIV-infected patients.

Materials and methods

The study was performed using 10 C. albicans
strains inherently resistant to fluconazole and vorico-
nazole from the collection of the Gabrichevsky Mos-
cow Research Institute of Epidemiology and Microbio-
logy of Rospotrebnadzor.

C. albicans strains were assessed by:

* the level of expression and the presence of mu-
tations in the ERG11 gene encoding lanosterol
14-a-demethylase;

* sensitivity to a number of antimycotic drugs be-
longing to triazole, echinocandin, polyene, and
pyrimidine groups.

The C. albicans strains were isolated from the
oropharynx of HIV-infected patients aged 20—69 years,
having clinical manifestations of oropharyngeal candi-
diasis and undergoing treatment in Infectious Disease
Clinical Hospital No. 2 in Moscow. HIV infection in all
the patients was diagnosed using clinical and epidemio-
logical data and confirmed by the detection of specific
antibodies/antigens using enzyme immunoassay and
lysate-based immunoblot assay for antibodies against
human immunodeficiency virus proteins (Profiblot 48
TECAN, AutoBlot 3000) in accordance with the clini-
cal classification of HIV infection'. All the participating

' Russian clinical classification of HIV infection. URL: https:/
base.garant.ru/12145892 (In Russ.)

patients signed their informed consent allowing the use
of the laboratory test data for scientific purposes. All
studies were carried out with the approval of the Ethics
Committee of the South Ural State Medical University
(minutes No. 4, 25/4/2014) in accordance with the re-
quirements of the Declaration of Helsinki adopted by
the World Medical Association in 1964 and outlining
the ethical principles for medical research involving
human subjects.

Identification of C. albicans species was per-
formed using different methods:

1. Approximate differentiation of fungi by colony
color after incubation on specific chromogenic media
(Oxoid, HiMedia) at 37°C for 24-48 hours in accor-
dance with the manufacturer’s instruction;

2. Assessment of biochemical activity following
the incubation of standardized cell suspensions in the
wells of plates of the Remel RapID YEAST PLUS and
ErbaLachema commercial biochemical test systems at
37°C in accordance with the manufacturer’s instruction.
The results were measured visually or semi-automati-
cally in each well and interpreted in accordance with
the manufacturer's instruction or using the respective
software.

3. Real-time multiplex polymerase chain reac-
tion (real-time PCR) using the AmpliSens C.albicans/
C. glabrata/C. krusei — MULTIPRIME-FL reagent kit
for simultaneous hybridization-fluorescence detection
of C. albicans, C. glabrata, and C. krusei DNA. DNA
was extracted from Candida spp. pure cultures using
DNA-sorb-AM reagent kits (Central Research Institute
of Epidemiology of Rospotrebnadzor) in accordance
with the manufacturer's instruction. The Applied Bio-
systems 7500 Real Time PCR System was used for am-
plification.

The sensitivity to echinocandins (anidulafungin,
micafungin, caspofungin), azoles (posaconazole, vori-
conazole, itraconazole, fluconazole), amphotericin B,
and 5-flucytosine was evaluated. The analysis was per-
formed in accordance with the recommendations issued
by the Interregional Association for Clinical Microbiol-
ogy and Antimicrobial Chemotherapy for testing sensi-
tivity of microorganisms to antimicrobial agents with
reference to CLSI M44 and M60 standards for Candida
spp. as well as standards and criteria of the European
Committee on Antimicrobial Susceptibility Testing for
the microdilution method and bacterial cultures?.

The minimum inhibitory concentration of the agent
(MIC; mg/ml) was measured by serial microdilutions us-
ing Sensititre YeastOnel0 plates (Trek Diagnostic Sys-
tem) in accordance with the manufacturer's instruction.
The inoculum was prepared in the similar way as for the

2 Interregional Association for Clinical Microbiology and
Antimicrobial Chemotherapy. Determination of the sensitivity of
microorganisms to antimicrobial drugs: Recommendations. 2021.
URL: https://www.antibiotic.ru/minzdrav/category/clinical-
recommendations/
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disk diffusion method, then it was placed into the mod-
ified RPMI-1640 medium and distributed into 96-well
plates containing serial microdilutions of antimycotic
substances [11]. The results were measured visually by
comparing with the growth in the positive control well in
accordance with the criteria of the European Commit-
tee on Antimicrobial Susceptibility Testing [12].

Levels of ERG1I gene expression were measured
by quantitative PCR and the 2-44°T method [13]. RNA
was extracted from a pure daily culture of the studied
strain using the ExtractRNA reagent (Evrogen) in ac-
cordance with the manufacturer's instruction. The re-
verse transcription was carried out using the Reverta-L
kit (Central Research Institute of Epidemiology of
Rospotrebnadzor) in accordance with the manufactur-
er's instruction: 30 min at 37°C. The following primers
were used for PCR:

ERGI11:

» F — aactacttttgtttataatttaagatggactattga;

* R — aatgatttctgctggttcagtaggt;

PMATL:

» I — ttgaagatgaccacccaatcc;

* R — gaaacctctggaagcaaattgg;

ACTI:

* I — ttggtgatgaagcccaatcc;

* R — catatcgtcccagttggaaaca.

The amplification was performed using the reagent
kit for real-time PCR in the presence of Sybr-Green I
intercalating dyes (Syntol) and the Applied Biosystems
7500 Real Time PCR System in accordance with the
following parameters: 95°C, 3 min; 40 cycles at 95°C,
10 sec, 55°C, 20 sec.

The ACT and PMA housekeeping genes were used
as control genes. The reference 2724¢T values for the
ERGI1 gene were obtained by analyzing sensitive iso-
lates (n = 7). The expression level of the studied strain
was considered significantly increased, if it was high-
er than the reference mean values for sensitive isolates
(m) by more than 3 standard deviations (30).

For Sanger sequencing of the ERG11 gene [14],
the following primers were used:

ERGI11-1:

» F — atggctattgttgaaactgtcatt;

* R — ggatcaatatcaccacgttctc;

ERGI11-2:

* F — attggagacgtgatgctgctcaa;

* R — ccaaatgatttctgctggttcagt.

The ERG11 gene was amplified for sequencing us-
ing the Qiagen PCR Master Mix, 2x reagent kit and the
Applied Biosystems Veriti thermal cycler in accordance
with the protocol: 95°C for 15 min; 35 cycles at 95°C
for 40 sec, 60°C for 40 sec, 72°C for 1.5 min; then at
72°C for 10 min. The PCR products were purified using
the ExoSAP-IT kit (Thermo Fisher Scientific Inc.) in
accordance with the manufacturer's instruction. The se-
quencing reaction was performed with the BigDye Ter-
minator Cycle Sequencing Kit (Applied Biosystems)

ORIGINAL RESEARCHES

Table 1. Mutations identified in the ERG11 gene

Mutation Abs. %
E266D 4 40
G464S 2 20
1471L 1 10
D116E 3 30
V488l 3 30

Table 2. Associations of mutations identified in the ERG11
gene

Mutation | Abs. | % | Association coefficient
E266D + G464S 1 10 0,100
E266D + D116E 2 20 0,356
E266D + V488! 1 10 0,089
V4881 + 1471L 1 10 0,409
V488! + D116E 1 10 0,045

and the following parameters: 95°C for 15 min, 35 cy-
cles at 95°C for 15 sec, 55°C for 15 sec, 72°C for 30 sec;
72°C for 7 min. The products were further purified us-
ing the BigDye Xterminator Purification Kit (Applied
Biosystems); the Applied Biosystems 3500 genetic an-
alyzer (Applied Biosystems) was used for sequencing.

Microsoft Excel, SciPy [15], Matplotlib [16]
software was used for the statistical analysis and data
visualization. The significance of differences between
groups was assessed using Fisher’s exact test for cat-
egorical variables and the Mann-Whitney U test for
continuous variables. The significance level for the sta-
tistical hypothesis test was set at p < 0.05, the value
universally practiced in medical research. The strength
of relationships between variables was measured using
the Pearson correlation coefficient.

Results

The study showed that 7 (70%) C. albicans strains
had 5 mutations in the ERG 1] gene, which were identi-
fied as E266D, G464S, [471L, D116E, and V4881. The
highest frequency of occurrence was demonstrated by
the E266D mutation, while the /471L mutation was de-
tected most rarely (Table 1). The total number of mu-
tations was 13.

Compound, two-component mutations were car-
ried by 6 (92.3%) strains (Table 2). The highest tenden-
cy toward forming compound mutations was demon-
strated by £266D and V4881 — 3 (30%) mutations in
each. No noticeable association between mutations was
observed — the correlation coefficient was 0.410 or
lower.

Overexpression of the ERGI1 gene was detected
in 60% of the tested C. albicans strains. The detected
mutations occurred much more frequently in strains
with overexpression of the above gene (Table 3). In
the meantime, the statistical analysis did not reveal
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any significant associations between them. At the same
time, the V4881 mutation demonstrated a strong nega-
tive relationship with the overexpression of the ERG 1]
gene (r =—0.845; p <0.05).

The results of the analysis of the association be-
tween the mutations and the sensitivity to antimycot-
ic agents are presented in Table 4, showing that MIC
in strains carrying some mutation was approximately
equal to or significantly lower than MIC in strains with-
out mutations. The noticeably significant difference was
demonstrated by the sensitivity to azole antimycotics,
MIC of which was 100 times lower in mutation carriers
(p <0.05) compared to the strains without mutations.

Among triazoles, significant differences were
demonstrated by posaconazole and itraconazole, MIC
of which in mutation carriers was 100 times as low
(p < 0.05) as MIC in strains without mutations in the
ERGI1I gene. Furthermore, MIC of these agents was on
average 16.5 times as low as MIC of voriconazole and
fluconazole (p < 0.001). Among the detected mutations,
the G464 mutation deserves close attention: In its car-
riers, MIC of triazoles decreased less significantly than
with other mutations (p < 0.05). The correlation analy-
sis did not reveal any relationship between the chemical
structure and molecular weight of the triazole agent and
the presence of mutations.

The presence of mutations in the ERG1/ gene did
not have any significant effect on MICs of the tested
echinocandins, amphotericin B, and 5-flucytosine.
However, in carriers of the G464S mutation, MICs of
anidulafungin, caspofungin, and amphotericin B tended
to shift insignificantly towards resistance (p > 0.05).

Discussion

During our molecular and genetic study of C. albi-
cans strains that were inherently resistant to fluconazole
and voriconazole, we detected high occurrence of over-
expression of the ERGII gene as well as a number of
mutations in the above gene: DII6E, E266D, G464S,
1471L, and V4881. The E266D mutation was most fre-
quently detected in our subset of C. albicans. The above
mutations were described previously; however, they are
not ubiquitous [17-26]. Since all strains were viable,
we concluded that the location of these mutations did

not affect critical regions of the genome, and they were
not lethal.

Hypothetically, the gene overexpression must cre-
ate favorable conditions for mutation or recombination
process. However, as our findings show, the mutations
in the ERGII gene are not associated with its overex-
pression. Moreover, in most cases, the overexpression
of the gene and its /4881 mutation occurred discordant-
ly. We can assume that the occurrence of the V4881 mu-
tation disables the ability of the gene to multiply.

One of the characteristics of the detected muta-
tions was their co-occurrence. The co-occurrence of
E266D and G464S mutations was previously described
by researchers from China, the Unites States, and some
other countries [7, 20, 25, 27-30]. In the meantime,
based on the low likelihood of the linkage between in-
dividual mutations, the above co-occurrence should be
seen as a random event. It means that, most likely, mu-
tations are not linked with each other, i.e. they emerge
independently in various regions of the gene, and their
location does not depend on anything.

The continuous use of azole agents in treatment
of HIV-infected patients with oropharyngeal candidia-
sis puts strong pressure on the C. albicans population,
which starts accumulating resistant strains, including
strains with overexpression of the ERGII gene. Func-
tionally, this mechanism promotes the synthesis of the
azole target. At the same time, nonsynonymous mu-
tations in the ERGII gene lead to modification of the
target molecule and, consequently, to altered affinity of
antifungal agents to their target [21]. As a result, the
effects of gene overexpression are reduced. This phe-
nomenon was pointed out when strains with mutations
DI1I6E, G464S, and E266D were studied [5-7, 9, 10,
17, 22, 24, 31-36]; these mutations were found to be
associated with a manifold increase in MIC of azole
agents. At the same time, the V488 mutation as well as
E266D and D116E, as demonstrated by some studied,
remained neutral and had no effect on MIC [4-6, 9, 32,
37]. It is believed that this mechanism may remain idle
if overexpression of the FRG11 gene is absent [20].

Compared to studies of other researchers cited
above, all the mutations detected in our study were
associated with increased sensitivity to triazole agents

Table 3. Association of mutations in the ERG 17 gene with its hyperexpression

Strains with overexpression of the gene | Strains without overexpression of the gene Association
Mutation i
abs. % 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
The sum 8 61,5 5 38,5 0,089
Combined 4 66,7 2 33,3 0,251
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Table 4. Relationship of mutations in the ERG 11 gene with the sensitivity of C. albicans to antimycotic drugs

5-Flucitosine

Amphotericin B

Fluconazole

Itraconazole

Voriconasole

Posaconasole

Caspofungin

Micafungin

Anidulafungin

n

Mutation

0,065 + 0,005
0,066 + 0,004
0,06 + 0,000
0,07 £0,010

0,708 + 0,074
0,768 + 0,048
0,75+ 0,144

33,333 + 10,130

0,082 + 0,038
6,941 + 2,234
0,038 + 0,008
8,113 £ 5,432
0,265 £ 0,235
6,038 * 4,201
0,05 +0,010

1,083 £ 0,393
4,036 + 1,067

0,043 + 0,019
3,471 £ 1,117

0,08 + 0,009
0,086 + 0,006
0,075+ 0,015

0,012 £+ 0,001
0,013 £ 0,001
0,012 £ 0,002
0,013 £ 0,001
0,012 £ 0,004
0,012 + 0,001

0,03 + 0,003
0,041 + 0,003
0,026 + 0,004
0,045 + 0,007
0,045 £ 0,015
0,036 + 0,006
0,025 + 0,005
0,043 + 0,006
0,03 + 0,000
0,041 + 0,007

12
28

+

The sum

98,857 + 20,285
28,00 + 12,000

1,375+ 0,875
4,333 £ 2,635
2,25 +1,750

0,023 + 0,004
4,057 + 2,716
0,133+ 0,118
3,021 £2,100
0,03 + 0,000
3,477 £ 2,368
0,025 + 0,005
3,479 £ 2,367

4
6
2
8
3
7
3
7

+

E266D

0,75+ 0,112

113,333 + 48,637
96,00 + 32,000
75,00 + 39,509

0,09 +£ 0,013

0,06 + 0,000
0,068 + 0,007
0,06 + 0,000
0,069 + 0,009
0,08 + 0,020
0,06 + 0,000

1,00 + 0,000
0,688 + 0,091
0,667 + 0,167
0,786 £ 0,101
0,50 + 0,000
0,857 + 0,092

0,12 + 0,000
0,075+ 0,010

+

G464S

3,375+ 2,028
0,50 + 0,000
4,286 + 2,228
0,50 + 0,000
4,286 + 2,228

16,00 + 0,000
106,286 + 41,705

0,06 + 0,000
0,094 + 0,012

0,01 + 0,002
0,013 £ 0,001
0,013 £ 0,002
0,012 + 0,001

+

D116E

6,954 £ 4,735
0,05+ 0,010

16,00 + 0,000
106,286 + 41,705

0,08 + 0,020
0,086 + 0,012

+

V4881

6,954 + 4,735

Note. "+" — mutation is present, "-" — mutation is absent.
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unlike the strains without mutations, though the test-
ed C. albicans strains were resistant. Only the G464S
mutation was slightly slow in manifestation of these
properties. It can be assumed that the detected muta-
tions significantly affected the structure of the site of
interaction between the target molecule and triazoles,
which reduced their affinity. At the same time, we
did not find any association between MIC in mutant
strains and the chemical structure of the therapeutic
agent, though overexpression of the ERG// gene was
more efficient against short-chain azoles [3]. The de-
tected mutations had no effect on the sensitivity of the
tested strains to echinocandins, amphotericin B, and
5-flucytosine.

In our study, mutant C. albicans strains showed
higher sensitivity to itraconazole and posaconazole
than to voriconazole and fluconazole. This difference
may be associated with the rare administration of the
first two drugs for treatment of HIV-infected patients
and with the targeted selection of strains by their resis-
tance to the last two drugs.

Thus, most of the studied C. albicans strains,
which are resistant to fluconazole and voriconazole,
had mutations in the ERGII gene: DII6E, E266D,
G464S, 1471L, and V4881, which, except for the V4881
mutation, are not associated with the overexpression of
the above gene. The detected mutations decreased the
effects of ERG11 gene overexpression up to 100 times,
though they did not eliminate the inherent resistance to
triazole antimycotics and did not affect the sensitivity to
echinocandins, amphotericin B, and 5-flucytosine.

It should be remembered that the studied strains
were isolated from HIV-infected patients — permanent
residents of Moscow. Therefore, the obtained results
should be interpreted taking into account the specific
features of the Moscow Region. The absence of any firm
conclusion about the effects of ERGII gene mutations
necessitates further research, including clinical studies.

Conclusions

1. DI1I16E, E266D, G464S, 1471L, and V4881 mu-
tations are detected in the ERGII gene in C. albicans
strains isolated from HIV-infected patients — residents
of Moscow.

2. Except for V4881, the detected mutations do not
have any association with the ERG11 gene overexpres-
sion.

3. C. albicans strains — mutation carriers — were
up to 100 times more sensitive to triazole antimycotics.
The presence of mutations had no effect on the sensitiv-
ity to echinocandins, polyene, and pyrimidine.
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