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Molecular mechanisms of fluconazole resistance

in clinical isolates of Candida tropicalis

ZHOU Yong-an( Fl7k%) DOU Juan( 548) ZHANG Quan-bin( 7K425%,)
MA Yun-xia( &= %)

[ Abstract] Objective This study aimed to investigate the molecular mechanisms responsible for
fluconazole resistance in clinical isolates of this pathogenic yeast . Methods A total of 41 Candida tropicalis
strains were collected from the clinical laboratory of Taiyuan City Central Hospital . Antifungal susceptibility
testing was performed by ATB FUNGU 3 method. The 14 a-demethylase ( ERGI1) gene in all clinical iso-
lates of Candida tropicalis were amplified by PCR ,and their nucleotide sequences were determined in order to
detect point mutations. Likewise , efflux transporters ( CDR1 and MDR1) and ERGI11 genes were tested by
semiquantitative reverse transcription -polymerase chain reaction ( RT-PCR) for their expression in Candida
tropicalis cells at the mRNA level. Results The fluconazole-resistant rate of 41 Candida tropicalis was
12.2% . The amino acid substitutions in ERG11p of R245K,Y221F and V3621 were found in fluconazole -re-
sistant isolates. And no amino acid substitution was detected in fluconazole -susceptible ones. The mRNA level
of CDR1,MDR1 and ERG11 genes in fluconazole -resistant isolates all showed overexpression compared with
fluconazole-susceptible ones. Conclusions Missense mutations in ERG11 gene associated with overexpres -
sion of CDR1,MDR1 and ERGI11 gene seemed to be responsible for the acquired fluconazole resistance of
these clinical isolates.
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Introduction

Infections by opportunistic pathogenic fungi , especially Candida species ,have become a major clinical problem
in the past decades due to the increasing number of immunocompromised patients ,e. g. , AIDS patients and individ-
uals infected with HIV , bone marrow and organ transplant recipients , or cancer patients“'z] . Candida albicans has
been the most important opportunistic pathogenic fungi causing candidiasis in immunocompromised patients . Howev-
er,a marked shift in the distribution of Candida species was observed. And infections due to non-C. albicans species
have increased dramatically on a global scale . Among non-C. albicans species , Candida tropicalis ( C. iropicalis) re-
presents the third most common pathogen ! but the second in respiratory specimens .

Historically ,azole antifungal agents ,especially fluconazole ,have been commonly used as the first -line treatment
for many different fungal infections . However ,as a result of the prolonged administration and the extensive use of anti -
fungals ,the clinical isolates resistant to azoles have become a serious problem in recent years “**! Therefore ,an under-
standing of the molecular mechanisms underlying the resistance to fluconazole in C. tropicalis is not only essential for the
selection of the appropriate antifungal agents for the patients at the earliest time ,but also important in the development of
new antifungals.

Materials and Methods

1. Strains , identification and culture conditions
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A total of 41 clinical isolates of C. tropicalis were collected from the clinical laboratory of Taiyuan City Central
Hospital from January 2010 to October 2010. The reference strain of C. tropicalis ( ATCC750 strain) was obtained
from the American Type Culture Collection . The identification of all isolates was confirmed by CHRO Magar medium
and automatic bioanalysis Vitek 2 ( BioMerieux ).

Culture were routinely inoculated from single colonies . The isolates were grown at 30 “C on YEPD agar plates
(20 g of peptone, 10 g of yeast extract ,20 g of dextrose per liter and 15 g agar per liter) or in YEPD (20 g of pep-
tone , 10 g of yeast extract ,20 g of dextrose per liter ) ,stored at 4 C and subcultured weekly or stored at —80 °C in
YEPD containing 10% glycerol.

2. Antifungal susceptibility testing

The in wvitro susceptibilities of the 41 C. tropicalis to five species ( amphotericin B, 5-fluorocytosine , flucon-
azole ,itraconazole , voriconazole ) of antifungal agents were determined using French MEILIE ATB test tape method
according to the manufacturer’s instructions. C. tropicalis ATCC750 , which was well defined laboratory fluconazole
susceptible strain ,was used as quality control strain.

3. Amplification , cloning and sequencing of ERG 11 gene

Cells were inoculated in fresh YEPD medium with constant shaking at 30 °C for an overnight and were harves-
ted while they were growing in the logarithmic phase . Genomic DNA of all clinical isolates of C. tropicalis was ex-
tracted using a E. Z. N. A. Yeast DNA Kit (Bio-Tek) and was used as a template for amplification of the coding re -
gion of ERG11 genes with the following primers ; 5'-GTTTTCTACTGGATCCCATGG-3" and 5'-TACATCTGTGTC-
TACCACC-3'. PCRs were carried out in a 50 pl volume containing 10 x PCR buffer 5 l, genomic DNA 20 ng,2
mmol/L of each ANTP 5 wl,25 mmol/L. MgCl, 5 pl,10 pmol/L each primer 2.5 pl,1 U/l Tag DNA polymerase
2.5 pl. Amplification was performed in a thermal cycler for 1 cycle of 4 min at 94 °C and then for 35 cycles,each
of which consisted of 30 s at 94 “C,1 min at 55 °C ,and 1 min at 72 °C ;this was followed by 1 final cycle of 10 min
at 72 °C. The PCR products were analyzed by electrophoresis on 1.0% agarose gels and were visualized by transil -
lumination after staining of the gels with ethidium bromide . The PCR products were purified with DNA purified kit
(TaKaRa) and then cloned into pMD 18-T vector ( TaKaRa) according to the instructions of the manufacturer .
Plasmids extracted from E. coli transformants were sequenced from both directions using ABT 3730 sequencer ( ABI,
USA). Strain ATCC 750 whose ERG11 sequence was already known ( Genbank No. M23673 ) also underwent
ERGI11 amplification ,PCR product cloning and sequencing of the recombinant plasmid to obtain its ERG 11 sequence
as a control .

4. Semiquantitative RT-PCR analysis

Total cellular RNA was obtained using the E. Z. N. A. Yeast RNA Kit (Bio-Tek) following the instructions of
the manufacturer. All RNA samples were treated with RNase -free DNase | to prevent contamination with genomic
DNA. The quality of RNA was checked using the electrophoresis on 1.5% agar and a ratio of A260 nm/A280 nm
" RT-PCR Kit
(Takara) according to the manufacturer’s instructions. All of the reagents ,including cellular RNA , were added to a

final volume of 20 wl. The samples were then incubated at 37 °C for 60 min,85 °C for 5 min and held at 4 °C in a

by ultraviolet spectrophotometer. The ¢cDNA for each strain was synthesized using the PrimeScript '

thermocycler. The synthesized cDNA samples were stored at —20 °C. The PCR primers used to amplify the C. iropi-
calis CDR1 ,MDR1 and ERG11 genes were designed by primer premier 5.0 design software. The housekeeping gene
ACT1 was used as a control. The nucleotide sequences of the primers are given in Table 1.

PCRs were carried out in a 20 pl volume containing 10 x PCR buffer 2 wl, cDNA 10 ng,2 mmol/L of each
dNTP 2 wl,25 mmol/L MgCl, 2 pl,10 pmol/L each primer 1 wl,1 U/l Taqg DNA polymerase 1 wl, RNA-free H, O
10 pl. Amplification was performed in a thermal cycler for 1 cycle of 4 min at 94 °C and then for 35 cycles, each of
which consisted of 30 s at 94 °C,30 s at annealing temperature of each gene ,and 30 s at 72 °C ; this was followed by
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1 final cycle of 10 min at 72 °C. The PCR products were analyzed by electrophoresis on 1.5% agarose gels and
were visualized by transillumination after staining of the gels with ethidium bromide . Using the image scanning sys-

tem, the relative level expression of CDR1,MDR1 and ERG11 mRNA was got with the ACT1 gene as a control.

Table 1 Nucleotide sequences of primers used to amplify the study genes in 41 C.

tropicalis isolates using reverse transcription -polymerase chain reaction

Genbank accession Product length Annealing
Gene Primer sequences(5'-3',F . Forward ; R : Reverse)
number (base pairs) temperature (°C )
ERG11 M23673 F:TGCTGAAGAAGCTTATACCC 541 57

R:CAAGGAATCAATCAAATCTCTC

MDR1 AF104419 F:TAAAGCAGGCTGGAGATGGA 513 58
R:ACAACCTCCAACTATAGCTA

CDRI1 XM_002545811. 1 F:TGAAGCCAGACCCGTAGTTG 332 60
R:CCACTTTGCCCATCCTAACA

ACT1 AJ389059 F:TTTACGCTGGTTTCTCCTTGCC 319 60

R:GCAGCTTCCAAACCTAAATCGG

ERG11:14 a-demethylase gene; CDRI :Candida drug resistance 1 gene ; MDR1 : multidrug resistance 1 gene : ACT1 : housekeeping gene

Table 2  The susceptibilities of 41 clinical isolates of C. tropicalis to five antifungal agents [ isolate, (% ) |

Antifungal agents S SDD R
5-fluorocytosine 40(97.6) 0(0) 1(2.4)
amphotericin B 41(100) 0(0) 0(0)
fluconazole 33(80.5) 3(7.3) 5(12.2)
voriconazole 35(85.3) 3(7.3) 3(7.3)
itraconazole 25(61.0) 5(12.2) 11(26.8)

S:susceptible ; SDD ; susceptible dose dependent ; R ;resistant

Table 3 ERGI1 gene mutation in C. tropicalis strains

Isolate Susceptibility Nucleotide mutations Amino acid substitutions

1 susceptible G1362A -

4 susceptible T225C -

7 susceptible T225C -

8 susceptible T225C -
10 susceptible T225C,C639T -
15 resistant T225C,T336G,G483A,G734A" ,T744C,C1047T R245K
17 resistant T225C,A327G,C471T,GA483A ,G734A" , T744C,C951T,C1047T R245K
18 resistant T285C,T312C,T573C,A612G,G633 A, A662T" ,G1084A" ,T1134CY221F, V3621
20 susceptible T225C -
24 susceptible T225C -
25 susceptible T225C -
38 susceptible T225C -
40 susceptible T225C -

:missense nucleotide mutations ; — :no amino acid substitution
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Results

1. Strain identification

On CHRO Magar plates , colonies of 41 isolates being studied were light blue . And the date from the automatic
bioanalysis Vitek 2 system confirmed that the 41 isolates were C. tropicalis.

2. Antifungal susceptibility testing

The susceptibilities of the 41 clinical isolates of C. tropicalis to five common antifungal agents are given in Ta-
ble 2. The yeasts had high sensitivity to amphotericin B and 5-fluorocytosine , whereas these isolates show lower sus -
ceptibility to azole drugs (fluconazole ,itraconazole and voriconazole ) than amphotericin B and 5-fluorocytosine. A-
mong the 41 isolates of C. tropicalis ,there are 5 fluconazole-resistant ones ,3 fluconazole-susceptible dose dependent
(SDD) isolates and 33 fluconazole-susceptible C. tropicalis ,respectively. Additionally , the phenomenon of cross -re-
sistance to fluconazole ,itraconazole and voriconazole was tested in two isolates .

3. Mutations in ERG11 gene

The PCR product of all the C. tropicalis isolates resulted in a clear band on ethidium bromide stained , UV-
transilluminated agarose gel (Figure 1). From the sequencing results of ERG 11 gene in 41 C. tropicalis isolates ,33
mutations were found (Table 3) , of which 29 were silent mutations and 4 missense mutations. 3 missense mutations
were detected in 3 fluconazole-resistant strains ( Figure 2) ,and no missense mutation was found in fluconazole -sus-

ceptible strains. None of these 3 missense mutations have been reported previously .

bp M 1 2 3 4 5 6 7

Figure 1 The target fragmént of ERG11 gene amplified from
Candida tropicalis strains.M: DNA Marker; 1: Candida
tropicalis ATCC750; 2-7: apart of clinical isolates of Candida
tropicalis
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2A: strain ]_5,KAGA—>AAA, R245K; 2B: strain 17, AGA—>AAA; R245K; 2C: strain 18,
TAT—TTT, Y221F; 2D: strain 18, GTT—ATT(inverse sequencing), V362l

Figure 2 Missense nucleotide mutations in ERG11 gene of Candida tropicalis strains
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4. Gene expression

The CDR1 gene in the 5 fluconazole-resistant isolates was upregulated 1.7 fold compared with the fluconazole -
susceptible ones ( Figure 3). Likewise ,a 0.7 fold increase in MDR1 transcriptional levels was observed related to
the susceptible control strains . Furthermore ,the ERG11 mRNA level was approximately 1. 4 fold higher in the azole-
resistant isolates than in susceptible ones. To sum up , significant difference of the CDR1,MDR1 and ERG11 mRNA

level was found between fluconazole -resistant isolates and the susceptible ones .
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Figure 3 RNA expression level of CDR1,MDR1 and ERGI11 gene
in Candida tropicalis strains

Discussion

Little information is available concerning the molecular mechanism involved in fluconazole resistance in the
clinical isolates of C. tropicalis. Nevertheless , due to the extensive use of antifungal agents in the prophylaxis or
treatment of candidiasis , fluconazole-resistant clinical isolates are increasingly reported for this species . The increas-
ing number of fluconazole -resistant isolates recovered in many institutions during the past decade has motivated
studies with the aim of better understanding their mechanisms of resistance at the molecular level .

The mechanisms of resistance to azole antifungal agents have been studied principally in Candida albicans*
and Candida glabratam] . And four main mechanisms are usually described o) : (1) decrease in the affinity of az-
oles target ERG11p (lanosterol 14a-demethylase ) due to point mutations in the ERG11 gene; (2) overexpression
of the ERG11 gene,which encodes the azole target lanosterol 14 a-demethylase ; (3) increase in the efflux of the az-
ole drug,due to the overexpression of efflux pumps such as the ATP -binding cassette ( ABC) transporters and the
major facilitator superfamily ( MFS) membrane transporters ,encoded by CDR and MDR gene ,separately ; (4) oth-
erwise ,many such drug resistant manifestations are associated with the formation of Candida biofilms which restrict
the penetration of drugs. These four mechanisms can be found separately ,but a combination of different resistance
mechanisms contributing to a step -by-step acquisition of azole resistance is responsible in clinical isolates of Candi -
da species.

In this study ,we searched for mutations in ERG11 gene not only in fluconazole -resistant strains but also in flu-
conazole-susceptible ones using the methods of PCR amplification and sequencing . We found 3 amino acid substitu-
tions , interestingly , all of the three substitutions are novel and all of them were found in fluconazole -resistant iso-
lates. Both of the isolate 15 and 17 showed the the amino acid substitution R245K. And in the fluconazole -resistant
strain 18 ,there were 2 amino acid substitutions , Y221F and V3621, were found. Our results suggest that the amino
acid substitutions R245K,Y221F and V3621 may have a relationship with the fluconazole resistance in clinical of
C. tropicalis isolates. However , further study of these mutations and fluconazole resistance in C. tropicalis is needed
to provide a better understanding of the resistance mechanisms involved . Previous studies'""’ demonstrated the rela-

tionship between Y 132F substitution and resistance to fluconazole in clinical of C. tropicalis isolate , but we did not
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find this amino acid substitution in our study .

The expression of ERG11 at the mRNA level in C. albicans varies considerably in the presence and absence of
fluconazole. Some researchers have concluded there is no relationship between the expression levels of ERG 11 gene
and fluconazole -resistance . Nevertheless , overexpression of ERG11 gene has been observed in several flucon -
azole-resistant isolates'""*". In the present study ,5 fluconazole-resistant clinical isolates of C. tropicalis showed sig-
nificant upregulation of ERG11 compared to the fluconazole -susceptible ones. In agreement with our data , Vande-
putte et al""" demonstrated that the ERG11 mRNA level was approximately twofold to fivefold higher in the azole -re-
sistant isolate of C. tropicalis than in the susceptible isolates.

In fungi , multidrug resistance is mediated by two types of efflux pumps ; the ATP-binding cassette ( ABC)
transporters using ATP as the energy source to drive transport ;and the major facilitators ( MFS) , which are ener-
gized by the proton gradient across the cell membrane I C. tropicalis ,CDR1 and MDR1 homologs were found to
show overexpression after sequential passages of a drug -susceptible strain in the presence of increasing concentra -
tions of fluconazole , concomitantly with the development of resistance to azoles and terbinafine " Yet, the genes
and the encoded efflux pumps have not been characterized in detail . To our knowledge , this study demonstrates for
the first time that fluconazole resistance in clinical C. tropicalis isolates have the relationship with the upregulation of
CDRI1 gene and MDR1 gene. Similar results are existing in C. albicans 2 and C. glabmtaL22J ,as shown by stud-
ies carried out by Silver et al ™",

Taken together, this study demonstrates the molecular mechanisms responsible for fluconazole -resistance in
clinical isolates of C. tropicalis ,showing that the decreased susceptibility to fluconazole of this isolates seemed to be
due to missense mutations and an overexpression of ERG 11, associated with the increase of efflux. Moreover, we
found three novel ERG11 gene mutations which may be correlated with fluconazole -resistance. Even though ,further
experiments of additional isolates are needed to explore other still -unknown resistance mechanisms and which is the

most frequent mechanism involved in fluconazole resistance in clinical isolates of C. tropicalis.
(ST SRR 3 A 2R I AR 20 B kAT BB me i 25 2 F ALk 09 AR 5T )
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