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Y948 Candida parapsilosis
Expression of fluconazole resistance MRR1 gene in Candida parapsilosis
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eglawilealuie C. parapsilosis
AdnAny: Bu MRRI, nmsheelglaunlea, Candida parapsilosis
Abstract

Candida parapsilosis is recognized as a normal flora yeast in human. This species,

however, can cause infection in immunocompromised patients. Fluconazole is a common
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drug used for the treatment of Candida infections due to its low toxicity. However, the
incidence of fluconazole-resistance of C. parapsilosis has been increasingly reported.
Therefore, this research aimed to study the expression of MRRI gene, a transcription factor
gene that regulates efflux pump in the drug excretion process through the major facilitator
superfamily (MFS), which is a key mechanism of fluconazole resistance, by RT-gPCR method.
A total of 15 isolates of C. parapsilos is obtained from infected patients and environment
were studied. The isolates included fluconazole susceptible (n =2), susceptible-dose
dependent (SDD, n=9) and resistant (n =4). Our results showed that all isolates tested in this
study showed a low expression of MRR1 compared to wild type C. parapsilosis ATCC 22019.
Comparison of MRR1 expression in clinical isolates and environment isolates revealed that, in
fluconazole susceptible, the clinical isolates showed 10-fold higher expression than the
expression in the environmental isolates. The expression of MRRI of clinical isolates was
incresed to 16 folds in the SDD isolates compared to expression in environmental isolates. In
summary, our results suggested that fluconazole resistance in C. parapsilosis involed several

mechanisms, one of which is patially related to MRRI expression.
Keywords: MRR1, Fluconazole resistance, Candida parapsilosis
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Tugthedhiunssnuilulsmenua waufnn Wu@euserduluauund anunsanelsald Ausinig
a dn, a a U dl =) a 1 1 = a d’l dl o
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melusazlunssuaiden Wwenelsaiwuunian Ae Candida albicans MuLAIENEx non-albicans

Candida [3,4]
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Fluconazole §ufufifouuazunsnarouinnin msizfianudufivdn awnsaavaretiuay
wsnszanglumuieidesiie q l6andn sgalsinunisinuéng Fluconazole Aonadunadld
ilosan Candida vswiinResiasn Fluconazole 1n8555u%@ (intrinsic resistance) (5,6,7,8]

C. parapsilosis Wunildlungs non-albicans Candida fnusnnidususiu 2 vde 3 veanis
fndie Candidemia waInMsiAsziuasiihsyiinmsiesdudesianiilan wuindlelsaniil
naenlunay Azole Wosasegailtuddny [9,10,11] TugiiniAoide-wldiin (Asia-Pacific) wui C
parapsilosis Smaibisiaen Fluconazole tawad (S = 94.8%) ialuieuiiiaufiu C albicans (S =
99.79%) Tuuszinelng n1sieen Fluconazole wifaznulusedusii 6.06% (S=84.85%, SDD=9.09%,
R=6.06%) use1uifuangnainlsmeuiadzss Ussnalne Flmistuinnisiesn Fluconazole wes C
parapsilosis Swwaltiiiusnniu [12,13,14]

n13R081 Fluconazole iinainnatenalnluszduluianasaufu Ysznauludae 1.

AdNiusIEnInedumumisdmunasuwdatii finnsaanisalitenainainnisnaneiugly

84 ERG11 (lanosterol 14-0-Demethylase) Fudwdhmuneaes Fluconazole 2. Msanaswaded
agneluwadlnedanmnuiain efflux pumps Inenisnaneiuglugu MRRI (Multidrug Resistance
Regulator1) 718y transcription factor gene v‘imﬁwﬁmmmmwﬁﬁﬁa efflux pump vinlLAa
ns¥UIUMsTUETeanaNEad K major facilitator superfamily (MFS) §uunalnddalunisie
o1 warludu MRRI MU Polymorphism Smsszyindunsnaneiuguuy Gain-Of-Function (GOF)
FAnlusumis Hot Spot vestuilduiendesiunisdumu Fluconazole Fanalnnisiumuilas
\Aeadesifu MDRI Overexpression (15,16,17) Wailfenudnin msuanseenves MRRI uaz MDRI
Aeadestunisiin cross resistance maméfml,%aiﬂumjm Azole 14 C. parapsilosis [18] wag 3.
N135N9FAVY biofilms

¥l = dl Y 1 a = dl ¥ LY dgll
widn1sAnenAnansliiuitnisuansesnuiniiuliuesdu MRRI WeiUosiun1sABen
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Fluconazole WeUsdny wiluusewmelngdadidndn uidetifalingUseasdiiofnwinisuansesn

Y998U MRRI MAsT99UN15AD87 Fluconazole wiatdunuinislunissuiiowasiaiul n1sdnen

megnufeslugienianudesgslusuanlaviurii

TngUsTaA

Anwinisuaniaanvesdiu MRRI Yaude C. parapsilosis neuviglauilea
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YDULUAVDINITINY
AATIBNTLARIRRNYRIEY MRRI Nvenvglauilaavenide C. parapsilosis NNAIDENN

mepdtiaSeuisuiunguiiegimndaangay vianua 15 lolaan feds RT-gPCR

/N1IAIUNTITY
1 @eC parapsilosis Fllunsfiny
e C parapsilosi gruvadiu 2 ngu 1¥ud nduiegnemenatia 11 lolman uasngusaegs
nsdawandon 4 lelaian auen Fluconazole MIC (Minimum Inhibition Concentration) #iail
(1) Susceptible (S), MIC < 2 pyg/mL (2) Susceptible dose dependent (SDD), MIC > 4 pg/mL

wag (3) Resistant (R), MIC > 8 pg/mL Fauandlunnsned 1

AT 1 UAAUNETINT Mneaude wasnan1sadeuanubvsssudesviglaunlaaveie C

parapsilosis awil C. parapsilosis ATCC22019 Lﬁua’laﬁuﬁmmﬂg’m

Isolate No. source Microorganism MIC Fluconazole CBPs ECVs
(ug/mL)
18/117 Clinical C. parapsilosis 0.5 S non-WT
287/54 Clinical C. parapsilosis a4 SDD non-WT
136/55 Clinical C. parapsilosis a4 SDD non-WT
403/55 Clinical C. parapsilosis a4 SDD non-WT
048/56 Clinical C. parapsilosis a4 SDD non-WT
015/57 Clinical C. parapsilosis a4 SDD non-WT
42/59 Clinical C. parapsilosis 4 SDD non-WT
127/54 Clinical C. parapsilosis 8 R non-WT
19/75 Clinical C. parapsilosis 32 R non-WT
347/58 Clinical C. parapsilosis 32 R non-WT
132/58 Clinical C. parapsilosis 64 R non-WT
CP-ENV 21 Pediatric ward C. parapsilosis 2 S non-WT
CP-ENV 3 Bus handle C. parapsilosis 4 SDD non-WT
CP-ENV 23 Pediatric ward C. parapsilosis a4 SDD non-WT
CP-ENV 28 Handrail C. parapsilosis 4 SDD non-WT
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2. mswienide C. parapsilosis MAlunnsanen
ﬁ’lL%a C. parapsilosis ﬁammﬁtﬁuagﬂu -70 3ANSALTYE mL?:&Jﬂummi Sabouruad
dextose agar (SDA) 71 37 sasnwaidea 72 $2lus Lite reactivate 91ntuld 1 loopfull widedly
MaeANAaefiienns Sabouruad dextose broth (SDB) U3unas 3 mL wgndi 140 seu/undi 7 37

perwaliya 24 Talus WwatihlUlddmsunmsneaaeusal

3. N19E38U RNA 0 C. parapsilosis
RNA 904.30L@381878 Pure Link™ RNA Mini Kit (Thermo Fisher Scientific) RNGHELLE

Y a

ANER Inewdefidedlunaonaimis SDB Usuas 3 mL wendl 140 seu/undl 91 37 ssriwaidea 24
Falag an transfer 1d microcentrifuge tube U195 1.5 mL 31U7U 2 ®asn ﬁ]’mﬁ?u“fjum%mﬁ
A313L57 10,000 souRowdt (rpm) Wwaan 3 uad eanduitedaula Wi Lysis Buffer with 2-
mercaptoethanol U3u105 500 pL viudi -30 esmnwaidea Wunan 24 $3lus iliadunnlag
vortex mixer Wagld needle @Jms‘ga%um 10 a%3 il 1 volume 70% ethanol U3uas 500 uL e
Thdfu Twndideann microcentrifuge tube Td spin cartridee U3ums 500 pl srludumiesd
A23157 12,000 rpm 15 Uil feduilureenfvansauans wiaamasLiuansaunduinly
Tu spin cartridge (¥191 3 50U) LHiu Wash Buffer | U311ms 700 pl aslu spin cartridee Uiy
wiBsinNgs 12,000 rpm 15 Fundl edrutilunasaifivansiuans waaaunasnivansinidn
1UTu spin cartridge L&y Wash Buffer Il with ethanol U3u1as 500 uL aslu spin cartridge iyt
wiBeinNEs 12,000 rpm 15 3unfl fsdruilunasafivasiuans udaumasaiuasiiundi
Ul spin cartridge wawiia Wash Buffer Il with ethanol $18nass antudisduinlunasnfivans
F1ude wdaunaenfvansidudaluly spin cartridee Yuindeefinanmsa 12,000 rpm 1 wadl
Wielvaeduduris anndu 1h spin cartridge @3LU1AU recovery tube 1@y RNase free water USu1s
50 pl Maiteiussanas 1 wnit Yusiesfiniuida 12,000 rom 2 undl uaziiia RNase free water 1
nads gldonsifuevendeiadaléiavunitear 100 pL SaanududunazannImues RNA fae
\A394 Nanodrop Spectrophotometer (NanoDrop™ Lite) fianueimau 280 wiluiuns Wiusiegns

RNA 71 —30 asewalded tivaladmsuvinnisnaasusaly

4. M3duATIEN cDNA wazUn3engnld reverse - transcription PCR (RT-PCR)
Fuas1edh cDNA asusnainnisiufnielumasanaaesiid RNA 168 ng U3unns 20

uL meuisen RT-PCR lagly SensiFAST™ cDNA Synthesis Kit (Meridian Bioscience) anu@ilonis
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(%
ad v A

ANNAINUIIN eIl InseuanTaza1uNaNdInsuNIsFuATIZR cDNA Taun 5x TransAmp Buffer
4 uL Reverse Transcriptase 1 pL wavindulaenide (DNase/RNase free water) TleUsunsans
20 L wilesanimualianududuves RNA Tuusaylelsanviiiu Suildudasloloanldiingy
Uaomidouay RNA fivsunashiviniu arntulivndansazanenaulaly PCR tube a1ntudansie
CDNA #8133 Thermal cycler fvuaan1aefivanzau §sil Primer annealing guudl 25 89
\waLgya 10 W91 Reverse transcription aangil 42 s wal@ed 15 W1l wag Inactivation gl

85 pIALTALRed 5 U cDNA Algazlvdmsunisnaasulutusnausaly

5. MsAn¥INISLAAsERNUBIBuMEmAlla Real-Time quantitative PCR (RT-gPCR)
14 cONA Huduiuuiuizensiae SensiFAST™ SYBR® Hi-ROX Kit (Meridian Bioscience)
waglnsinedfsinng d1msuBu ACTI ( RT ACTL F 5°-CGAGCATGGAAGGAATT GAT-3 uay
RT ACT1 R 5’-TGAGCTCAATCCAGCAACACC-3") liduBuniuau wazdu MRRI (RT MRRL F 5’-

a A

GGGAAACAGTGCCGTGATTT-3” war RT MRRL R 5’-ACACAGCGGCAATTGAA ACT-3") da.fuBuil
FDIN1TANYINITUAAIDDN

a15Usznaunis q Tudfisenusznauniy 2x SensiFAST™ SYBR® Hi-ROX Mix 10 pl
10uM Forward primer 0.8 yL  10uM Reverse Primer 0.8 pL cDNA template 2 pL LLazﬁfﬁﬂgu
Uaendio 6.4 L laUsuInsgavinesin 20 uL Imﬂg‘jﬁ‘%swwﬁ’%ﬁﬂum%q Real-time PCR finwun
an1aglun5¥iUfAsen §ail Pre-denaturation 95 esrnieaidea 10 undl Denaturation 95 o4a7
Wwalgea 5 U9 Annealing 60 asAngalGyd 30 TU Extension 60 9aFL@aLdsd 30 U way
Final extension 60 oA walded 1 W7

n§ntilnszsinaiilaiag StepOne Software v2.3 nsuanteenvesdiy MRRI 1891U
Wudrwiuminuesmnuduiug (relative normalized expression; ACT) 53%#1198U MRRI wazdu
AIUAN ACTI %11150529@8U PCR products AlAR1BN133UUL 1.7% Agarose dnenmanglé

wassandrlaleandnelusunsu SmartView Prol100 Imager Systern HnuA3es UVCI-1100

NAN338

msfinwnsuanseenvesBudunsnuludrmunin (qualitative) Inefinwid1 Bu MRRI
nsuanseenvosmtiiviely TagldufAzen RT-PCR warluufAzendanandld template cONA il
Audud Uity nan1sdAnwinisuansesnvesdu MRRI luile C parapsilosis Tneld C.

parapsilosis ATCC 22019 1JuaneRugo1984 wazniinualinisuansoonyiiudy 2 w1 19unns

3
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da o da v amw
mmamamwluqﬂmﬂmwa

wansoonuInAuly (overexpression) Tnsdanguvandenmaantfinishosmgleulea ldun i¥o
Tunguiilasiesn (susceptible) 2 lolwian wunsuanseenveadu MRRI luszdum uaziile
Wisuiisunguseganisadde (lelaanmungiay 18/117) fufegramsdaanden (lelsiamn
vingiay CP-ENV 21) wunsuandeenvesinegansnadauinnitfiegianedaindes 10 i 3
\Fenguiluansen MIC <2 pe/mL

L%@IUﬂdaJ susceptible-dose-dependent 10 lolatan wunisuansosnvesdu MRRI Tusedu
i wazilewIouiisunguiiegraniseaia (lolatanvuneiay 287/54, 136/55, 403/55, 048/56,
015/57 wa 42/59) Aushogemnsdawandey (leloanvanetay CP-ENV 3, CP-ENV 23 wag CP-ENV
28 ) WUNTuARIBENinABTaNREIeARTAINN e IYAIIndeY 16 1 WWanduiiuanen
MIC= 4 pg/mL

wazidelunguiiosnlglaunlea (resistance) 4 lolwian savmaduidoainnduiiegiamis
natia laun lelaanvaneiay 127/54, 19/75, 347/58 uay 132/58 WUNILaAI08NTUBIEY MRRI o¢
TusgdudiflewIoudisufufmuay Wenguiuansdn MIC faus 8 - 64 pe/mL Taglelaian

& A o = ' . a Y] a
RanuavinnsAnwlinunis overexpression VaI8gU MRR1 LAAINININY 1

The expression level of MRR1 gene

Control

1.4 I s: Susceptible

[ sDD : Susceptible-dose-dependent
‘ B R :Resistance
wn D

ISOLATE NUMBERS

1.2

0.8

0.

0.

0.

o5

RELATIVE GENE EXPRESSION LEVEL
(=) [z =9 (=29 —
]
19117
257/ [
ey
13z75 . |

cp-env 21 [

136/55 E
127750 |

403/5
048/5¢
015/57

42/59

cp-Env 3 T

ATCC22019
cP-Env 23 [
CP-ENV 28 |

A9 1 nsuanseanasdu MRRI Tuie C. parapsilosis Nneenvglaunlaanvun 15 laloian
waedl C. parapsilosis ATCC22019 \Huaneiiugensda 1 lelaan wazuau error bars

wanIA LU UNIINTEIY
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MIIVABUAIINQNADIVDIYUIA PCR Products Laen1s3tAsigisiuinatia Gel

electrophoresis WU8U MRRI flvua 245 Auua uavdu ATCI U9 162 ALUa UAAIRINING 2

1500 bp — 1500 bp —

200 bp — — 245 bp 200 bp —

100 bp —

— 162 bp
100 bp —

A7 2 wansuun PCR Product aesdu Tnarsuuals (A) 8u MRRI wag (B) 8u ACTI 91nn15vi
RT-gPCR; lane M = marker (100 bp DNA Ladder RTU) lane 1 - 4 = PCR product
U3 CP-ENV3, CP-ENV21, CP-ENV23 wag CP-ENV28 AIUANU

A3UNAN133Y

HaN13ANwINIThanteanvoBul TR IN Inen1sAnwIEY MRR1 vl C. parapsilosis
siavan 15 lelavan taedl C parapsilosis ATCC22019 uaneugsneda 1 lelsian a1nnsdnnga
vondonuauanifinsiesnglaunleaniemanutuduresiidesfigaiianunsodudaio
Candida saa1 MIC (ug/mL) laun L%aiuﬂzjmﬁiaﬁiaaw (susceptible) uanedn MIC <2 pg/ml 1oty
ngu susceptible-dose-dependent kansA1 MIC = 4 pg/mL uazidelunduiosinglauilea
(resistance) wameA1 MIC Aaus 8 — 64 pg/mL Tneimunldnsuanseaniiiuty 2 Wi Huns
wansoonnLiuly (overexpression) ilew3suifisufuiamuas wutleluaniamuadivhnisfinw
finswanseentuszdiud ldnwunsuansesnunniiuluvestiu MRRI FdliaenadeiurmAdodounin
(Branco et al.,2015) inunsuansoenvesdu MRRI ﬁ?ﬁyamw;ﬂﬂm‘[% (R/MIC = 64 pug/mL) u1nnin
MRR1 (WT/ MIC = 1 pg/mL ) 3-8 i1 uazenaifululsilulelaaniivinns@nulsifinsnaneiuglu
AU hot spot region (G583R way K873N) fivilviAnnisuansesnuiniululudu MRRI wazidu
AMaNURY0 GOF fidwmanonis upregulation MDR!1 Wailluauiseues Berkow et al 2017 finns
J¥UN ﬂ’]iﬂmﬁﬁuﬁﬁagﬂuﬁ%mﬁﬁ G583R 1l MDRI overexpressing tu C. parapsilosis @onAas

fumsnanesiuglusiumis L779F Tu C albicans Fadusdumisiin upregulation Tu MDRI
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wagluauideass Zhang et al.,2015 wuinltuleleian PU123 wag PU127 Wun1skanseen
v098u MRRI finesmiglaulen (R/MIC= 32 ug/mL) 11nn91 MRRI (WT/ MIC = 1 pg/mL) g
3.90 uay 3.99 i1 Ay nglulelmanuarddmuindnsnaneiuglusumds L9g6P uazdwa
#9Nn15 upregulation MDRI1 wiimane uITeesUainn1suantoenvedy MRRI way MDRI
Aeadosiu waldldianunvesnisiia overexpression 98181903/ U single nucleotide

polymorphism (SNP) Tu MRR1 (Grossman et al.,2015) (Pristov et al., 2019)

(%
| 1

wannilfadunanuinlednnqudesilisuiivungusiegtanendidaiunguiiagianig
= v & v ! aa a = =1 Y 1

dwandey Wwelunguiiegranieaidainisianieanyesdy MRRI wnnindelungudiogimis
dawIndeuade 10 wh veuvelungunlisiaen (susceptible) uay 16 i1 voualungy susceptible-
dose-dependent o1a1dululdinnguiieganispdda F987191nN15UENTEIINAIIANNAIVY
Areminiumsinulsaiawest Alasuemglaulealunsinuwilaenss o1aviliedidnmuinig
sogvglaunlgauinnindelungudwindey Auenlanniuiivessitula sduuusn NGV uag

s o Y g < & 4 M v = DY Yo v
teinsnwUienn Fugenuenlalildidiuneitesiunisiasunisnszduaineinglauilealngnss

linisuanseenveosylusesusl (Thomaz et al., 2018)

GGG
' < = a Y ad a .
981415ANIUN1TANYINTTLANIDDN VDB UAIBID RT-gPCR Lazn19LAnA overexpression U84
8u MRRI wigsegamedlianunsaasunisieevglaunlaaveie C parapsilosis 1 fawiinmsany
Tu putative resistance genes LLaszﬂﬁﬂ’ﬁu‘ﬂimﬁw Wy wAllA Next generation sequencing LD

FAnwinsilasunlasdrsudindlelng 1Wuduy
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