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EHEPMETAER Cypsl RTENSEE

YAK-ERED AFEAR MK, SHAT AHA, Erk
BRI — R BB IR, Bt 598K 830011

& E: ARG AS BN o kT hEMRATS T LT AL H KR cypSIA. cypSIB F= cypSIC it
HRBERAEE., KA PCRY I ITS A= Bend A B, ¥ 3 = 4h#t4TN 5, blast lbxt & AT & A7 69 4
YL % ;KR JF Sensititre Yeastone A & 25 80K 5] &AM 7 A 25 4 694K S A 2R, MIC/MEC
% RAATAARIE CLSI MSTS 3, &t +H5l4, KA PCR ¥ 2w FERAWKRLY cpsSid.
cypS1B F= cyp51C KB F A, MELEREEHELAL AL L RELEAA ., AFH80K0E
MIC/MEC 1A 2 77, 6 #RE R #RE & £ & A (MEC<0.015 pg/mL). 347w Bvk Foif 1) Bvd
BREH 100%; 14k3t Mt E & B 25 (MIC=8 pg/mL), 2 #R3t4R 3 B vk @t 25 (MIC=4 pg/mL). 2 A
MR I T, cypSIA F= cypSIC EHBMATT AT HBEAT R AR L ERE, apSIB ¥ A
RIRE, K, cyp5IC LB+ P276T RELLERGAETHLBHR Y, ROBEE. FoEes
BT W BRI TR EBRRY, RIBR®RFAREES TR EOWRAEZTHRE, opsSIC
P276T %477 46 & 3 wh xR 3 B fit 25 49 3 - R L)
R RwE;, RAFAYHRN; LMY, ops] AR
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Identification of the Cyp51 mutation site of the azole resistance
gene in Aspergillus flavus

YUSUP Akeda”, AZIZ Zubaida®, KASIM Kadirya, WANG Xiaodong"

Department of Dermatology, The First Affiliated Hospital of Xinjiang Medical University, Urumgqi 830011, Xinjiang,
China

Abstract: The molecular characterization and phenotype identification of resistance mutations of azole
resistance genes cypSI1A, cyp51B and cyp51C of 6 clinical Aspergillus flavus isolates from Xinjiang are
carried out. The isolates were identified based on internal transcribed spacer (ITS) and Bend gene
sequencing. The Sensititre Yeastone Fungal Drug Sensitivity Kit was used to detect the in vitro antifungal
susceptibility of 7 drugs, and the MIC/MEC results were interpreted according to the standards
recommended by CLSI M57S. The cyp51A4, cyp51B and cyp51C genes of A. flavus strains were amplified
and sequenced by PCR, and the sequencing results were compared with the reference strain of 4. flavus to
identify the resistance mutation phenotype. All 6 clinical isolates were identified as A. flavus. The results
of antifungal susceptibility test showed that the isolated A. flavus strains were completely sensitive to
echinocandins, itraconazole and posaconazole; of which 1 strain was resistant to amphotericin (8 pg/mL)
and 2 strains were resistant to voriconazole (4 pg/mL). Sequencing of the cyp514, cyp51B, and cyp5IC
genes of 2 azole-sensitive and 4 azole-resistant strains revealed that both cyp5/A4 and cyp51C in sensitive
and resistant strains showed synonymous and non-synonymous point mutations, and no mutation was
found in cyp51B. However, the P276T mutation site in ¢yp5IC gene was only found in one resistant
isolate. Echinocandins, itraconazole and posaconazole showed better antifungal activity against 4. flavus,
while voriconazole and amphotericin showed lower antifungal activity against 4. flavus. Probably cyp51C
gene mutation of 4. flavus is associated with azole resistance.
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Hh 25 TR IR 2 AR TE R HL 2 M EOR B
B, ATBIEA ., IR, B SNEGE . R AR
1278 L i 2594 (invasive aspergillosis, 1A)J2 %
B SR e di M A — RIS, B R R e
WHEH, WT-KEIA 60% (Chowdhary et al.
2013; Chris & David 2015), R4 HHMEA 2 TA
S5 UL AR, R ST A ST A AR R B S
He il 22 Tt JE L B Aspergillus flavus Link
f&Z, Wik 27.5% (FR1ESE 2018). {HAFTEN
&, ARG R S B R IR R E E, B
5| RAZZBVE 55 R AL R (Alessandro 2009;
Al-Wathiqi ef al. 2013), PRIE25H1 (9/E FPLHE
P 22 A BB 14a-2 H AL RE(CYPST), FHIEAZ
S EEAEY A BGR K, F3803 M RS >,

K YEPTEL E A H (Patterson et al. 2016), #R1, Fifi
AR NG PRI S 2 0 T3z T, 98 B T 24
FRAIAS: H % 4E EFF(Vermeulen et al. 2013). H
HIT, A0 a2 2 AL 2 B I, 2
K cypS51A FPHZAE (U TR34/L98H) K AMEZE 1
FIRE ML X e M 22 25 B AR XS A BR
UTAEMT TR, Bl xS 24 ) g AR
1 cyp51 FEH (cyp5S1A. cyp51B. cyp51C)RALH
XK, EAFIEHEERWGERAFEREZES
(Sharma et al. 2018; Lucio et al. 2020), Hr3EfE
R 3 L A AR RN B O B, B 25 ) il
FABE S P45 R 7 HAT s R Rk 1 o A5 B 7
PR i IR 73 89 1 B il w5 09 25 B0 & o A
cyp51A4. cyp51B Fl cyp51C FE N 5T 245 ) 5
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R, BN B EEMESISIR 25 (1 FTREBILE , O X Ik
PLETE 2P ) & PR IR BERLA A .

1 w57

1.1 BFERIR

AWFFER) 6 K A I R 43 89 AR i 3%
2011 4 2 2023 4 LRAF T 7 48 BB 5 — MY
Ja 1% Bt 2 KB FL TR S0 00 & L AR A E Y 111 £k
b TR 0 B R o AT BRI R AR B 25 4y
BIFaE ARSI e i
1.2 5%
1.2.1 FEHKESF

H5—80 CAIR IR UK AR W AR VA VR PR AT B TR AR R
HEWRE NG, FICHER PRI 5 5l
FliF PDA 783, BT 28 °ClHEIAK:FAKF
3-5d,
1.2.2 DNA #2H

PRB— 22 it (B U5 BT ALV B g v 0k A
WHEE, FF4E I Ezup AN E R FE N4 DNA 42
A S CE TAY TRCEE) B R W)
FIEAT A DNA $2HL,
1.2.3 PCR ¥/ & F0:0

PCR ¥ S BHA DNA P45 5% [A] X (internal
transcribed space, ITS)Fll Bend (f 25 1) 3EH .
PCR 5|7 ITS1 (5-TCCGTAGGTGAACCTGCG
G-3'). ITS4 (5-TCCTCCGCTTATTGATATGC-3")
1 BT2a (5'-GGTAACCAAATCGGTGCTGCTTT
C-3"). BT2b (5-ACCCTCAGTGTAGTGACCCT
TGGC-3"), PCR i 544 : 95 °CHiAEYE 5 min;
94 °CAEPE 30 s, 57 °CiR 2k 30's, 72 °CIEfH 90 s,
3L 30 AMEHR; 72 °CHEM 10 min, § =ikt T
1.5%3 AR MR EE R FL VK, = aliAb s U o Kl
A5 2 3 ] 51 78 GenBank #£4T BLAST H %
Je SR TR
1.2.4 FRIMAERE ISR

o FH R o A ) AR T TR 24 0 e A
& Sensititre YeastOne H.[4 24 {4 (Thermo
Fisher)JEA 7l it , 5206045 B4 B 0] 6 it BH 45 0F
7o FATME T FH X 3 BP0 157 25 A1t
TR BURE, 2 PSR B;

(b)Me 2 « il BRE M | R 37 5 AR R T V0 R A
OBEAEEL . RIASFE . PR IFE Rk £ 5%
o PITERR B AHRARIMELEN 0.12-
8 ng/mL; RIAZRG . KRG R FEmE . A
PR 0.008-8 pg/mL; MY 0.015-
16 pg/mL; FTJE25%: 0.015-8 pg/mL. $%Fh)5
2R BT 35 CCHEFRFIE R 2448 ho 1R &
DLB R AR ATCC6258 1E K e 45 il bk 4
o b vfE S 25 It PR 52 56 2 A i Bp 23 (CLST) MS7S
HePEAL 258 B SHURAE (Procop et al. 2022).
1.2.5 Cyp514 EFZRTH N

PRI 6 BRI A5 ARSI 4] DNA, $i IR E
PSR 2 DNA 250 & B 15 617, PCR 7
W4 cyp51A. cypS1B F cyp51C FEH Iy, fd
FIS RS L% 1, PCR SR MK ZR A 25 pL:
FTRWESIY4 1 ul, dNTP (mix) 1 pL, Tag [
0.2 uL, f&# DNA 1 uL, PCR ZZ i 2.5 uL,

x1 ERTEENFESHY
Table 1 PCR and RT-PCR primers
B S IE Y E Y s 2

Gene  Primer Sequence (5'—3")
Cyp514 Cyp51A-F1 CAAGAACAGCCTGCACAGAG

Cyp5S1A-RI  GGGTGGATCAGTCTTATTA
Cyp51A-F2  GCAATCATCGTCCTAAATC
Cyp51A-R2  CTGTCCATTCTTGTAGGTA
Cyp51A-F3 GCATGAGGGAGATCTATATG
Cyp51A-R3 CCTATAATTGCTGGTTTCG
Cyp51A-F4 TGAAGCTATTCAATGTAGAC
Cyp51A-R4 ACTGCTGATGGTGTGCTAAG
Cyp5IB Cyp51B-F5 ATGGGCATCCTAGCTGTCATTC
Cyp51B-R5 GGCGGTGTATATGGTAATCTC
Cyp51B-F6 CCCTTGGTATTTCATTGGTTCCC
Cyp51B-R6 TTTCATGTTACCATGGGCCC
Cyp51B-F7 TTTCATGTTACCATGGGCCC
Cyp51B-R7 TTCAGAGCTAACAGCGATGGC
Cyp51B-F8 CGGAAGAACATTTCCCTGATCC
Cyp51B-R8 CGTCTGGCAATATCATGCAC
Cyp51C Cyp51C-F9 CAATGGTGCTGACAAACCTG
Cyp51C-R9  CAAAGGAGCGACACATAAG
Cyp51C-F10 GGTAATGTCTGGTCATAGG
Cyp51C-R10 ATGAGCTTGGAATTGGG
Cyp51C-F11 CGAATTCATCCTCAATGG
Cyp51C-R11 GTCTCTCGGATCACATT
Cyp51C-F12 GGAACTCTACCAAGAGCA
Cyp51C-R12 GCTCATCATAATGCATGAGG
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ddH,0 18.3 pL. PCR JZi &1 95 °CHiAs Tk
5 min; 94 °C75E 30's, 63 °CiIB K 30s, 72 °CHE
30, 330 MEFR; 72 °CHEMH 10 min, F]
SnapGene7.0.2 A4 1 10 W) K ¥ 511 5
GenBank %% ¥ ¢ #2 it (9 = % B ¥k 9% i 25
NRRL3357 A7 HXF, DU JE R AR A A5

2 ER 500

2.1 BMEE

B A HVRZ ITS Fll Bend MFF, 5 GenBank
Bl b B B e, —Bih>98%, F
P RIS Bt
2.2 MEEAYIBRM

6 R I PR 125 B M 2 X 7 At B0 25 9 1 A
LR 2, BRI ERELY : 6 HRIIR B
PRRN AT BT JE 251 - RIA R R R IS A
K B9 F KA 20k B (minimum effective
concentration, MEC), R MECs<0.015 pg/mL,
LAY, RIS CLSI M57S (e th & PitE s
E B Y ECV{H N 4 pg/mL, BI>8 ug/mL 27~k
PRI 25); A 1 PR EE X AMB T2y, m
W) - vt T AP BREAR AR V> R s ) AU
7 100%; LAk, A IR 2 BRATHR 37 FEme i 25 (MIC>
2 pg/mL),
2.3 Cyp51A4. cyp51B F cyp51C AR

WL PCR 4 #8445 5 WA H % BRIV
[FIE =4, XA T e , 58 i a
JIE I cypSIA. cypSIB Fl cyp5SIC FEF 5
(GenBank &35 NRRL3357) x5 &K B, 1E
TUBRR AT 25 AR P Y cypS 14 FERIIER 7 AN

2 HHEXIMEEHYH MIC/MEC {E(ng/mL)

XA (P61, K136, F188., Y247, P315.
P394 F1 N462); Cyp51B B ATl & 5Lk i ;
Cyp51C HHREIF] 10 A~ [ SCRIEE [ L ZEAR 5,
9 ANGEANT S (M54T . G58. S240A. D254G.
1326, L348. S386. E421 F1 N423D)tH{F1E
FREUB B AR o 1 BRAR ST 5% MR Tt 24 B Ak P 485 e
P276T M R4, XNRAAELE T iZw kT
(# 3),
3 Wik

VT A SRARZE M Hh B 1) 2 9 R B 4F T, 1
TRIT IR ZE M LR B 25 I Fh 2 A B, I 24 P bk
WRBORIT R, AImRH ek . BRI
7 ARG TR RSS2 A, (HOC T i h & A5 I
e R A BRI 5520, B LA KT o 1 25 1004 1 24 47 ke
PRI K M 24 ML RIS, X6 S8 BT Y7 S
BEK AT, AR R IR0 i
RAMTCRITE M, KRR ¥ BJEZFdR-Rin
S5 MEC Y724 0.015 pg/mL, REATRCH ] 4250 i
BRAEK, XAEE R S IT A — SR M 52 55
2022), #E—SCHREIR R R AR R 2R
FNREETT B PREL . a2 25 ) TR bt AR fe s
P A D 1 M L s 7 NGV 1 S S
Wang et al. (2022)4%3E 1 5% il 25 8 S it 245 175 O
AR —F, AL 6 thiihadE A 1 BT PPE
T B2y, A EREER 16.67%. Xt
r ] <2 Tk DX A 2 I DR 0 5 Pk 1) 2 ke vk
RN, ZHXE MBS HHER B My
K H 20.8% (Wang et al. 2022), F T KM A — 01
5%, M 26 909 it %8 /3 E ik, 78 36.8%

Table 2 The MIC/MEC values (ug/mL) of antifungal agents against clinical isolates of Aspergillus flavus

FEA 7 iy FE e ARSL Fem HERAE [YERAES S 0t R NEPAREY PITERER B
Sample Itraconazole  Voriconazole  Posaconazole  Anidulafungin  Micafungin  Caspofungin  Amphotericin B
01 0.12 0.5 0.25 <0.015 0.015 0.015 4

02 0.25 1 0.25 <0.015 <0.008 <0.008 4

03 0.25 0.5 0.25 <0.015 <0.008 <0.008 4

04 0.25 0.5 0.25 <0.015 <0.008 <0.008 8

05 0.25 4 0.12 <0.015 <0.008 <0.008 2

06 0.25 4 0.25 <0.015 <0.008 0.015 4
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Table 3 The amino acid mutation sites of cyp5 14, cyp51B and cyp51C genes in clinical isolates of Aspergillus flavus

FAS IR i 25 BATEIR I E AL,

Sample No.  Azole sensitive/resistant  Amino acid mutation sites

Cyp514

01 S - F188 Y247 - -

02 S P61 K136 F188 Y247 P315 P394 N462

03 S - F188 Y247 - P394

04 S P61 - F188 - P394

05 R P61 K136 F188 - P394

06 R F188 - - Y247 - P394

Cyp51B

01 S undetected

02 S undetected

03 S undetected

04 S undetected

05 R undetected

06 R undetected

Cyp51C

01 S - - L326 L1348 S386 E421 N423D
02 S M54T G58  S240A D254G - 1326 1348 S386 E421 N423D
03 S - - - L348 S386 E421 N423D
04 S MS54T G58  S240A - L326 1348 -

05 R M54T  G58 S240A D254G P276T - - - E421 N423D
06 R M54T G58  S240A D254G - 1326 1348 S386 E421 N423D

T S, BUEG R, T2y
Note: S, sensitive; R, resistant.

M th 2 . 14.9%0 8 Hh 5 . 5.2% 00 R il A
2.01% 19 A 25 0 B A s T 28 % PP 2 B 1Y
it 250 . AR PR R B 2y ik
o7 LA 225, WRES AR HLIX 3 A | ARAc
SR ARSI A 5 . Wang et al. (2018)FIWFE
JESE, Sensititre YeastOne FL [ 24 8506 57 &
SHFWTEE R B AR SE R e CLST M38-A2 Jf
RS 3.3, SRTEES A6 AT RO 25
B AT X s L

FS M 14-25 H LML RE(CYPS 1) e S HT B
Z9YIVE RGP, HIL PR 5848 15 2R B M2 24
W 2540 5 o ARWFFE X 4 BREBUR e 2 BRI 25 B ik
W cyps1 FEHHAT TIF, cyp5id ZHH 74
(P61, K136, F188. P315., Y247, P394 Fl N462)
GRASN AR S 2k I AEAE N R

SCHRIRIE Y K197N, D282E. M288L. Y132N
Fl T469S 55 255 0 h &0 2 T 25 47 i 58
ZR{3i 55 (Krishnan-Natesan et al. 2008), /8 H K
WM SMRE, "REAEHES S5,
Cyp51B FEHM Y B R A Kk AR 28 A8 6 55, X
55 22 Wi A AF 5% 45 SR — % (Sharma et al. 2018;

Lucio et al. 2020), F-KIER cyp51B FER 4145
KRSE, Ao RAERZE, MiEmZnaesS
cypS1B HRRBT K, &4 Rik, RAHNE
cypS1C HI—A~ 15 5878 (Y3 19H) H /i 55 e 2 it 25
YA 5 (Paul et al. 2015), AWF5EH cyp51C H
AEAE 10 ATEARRL A, FERUBRIT 25 TR Rk 3
A 9 N(M54T, G58. S240A. D254G. 1326,

L348. S386. E421 Fl N423D)Z 5 p, X 2bse
AR 55 5T 245 JC 5 (Sharma et al. 2018; Choi et
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al. 2019),P276T SAEAAE 1 AR 25 R AR A Y
I F R , T5 4 A B E L 5 AR 57 B
WA i 24 14) RIS 56 3R o 3 —ARAR ST W i 245 AR A 485
W P276T AT HAMLE A cypS1 RAS, $&nn]
REAEAE HABTR 25 L], anshHEZE LN cdrlB 33 55
ik, AT R | S AN R A5 e i 5 e AU
PR FARZ UM . Liu e al. (2012) 15 IRFE
AR ST 5 e i 24 ) B A I R 4 B Ak R R
cyp51C ) T788G R7AE(S240A), JFilid =ik
IR LG B 2 98 A8 T ff AR 37 B MIC B T
45, WRHATRES S 25 K7 . A58 78 Uk
RN 258k D FETE cypS51C HiF) S240A, Paul et
al. (2018)TEEN M 25 RIS S240A ZR4%,
{HI2 5 A5 RURR AR RS 245 R rh 3 77 o 3 3R Bl
S240A w5378 A fE b v h g e 2 T 24 JC B4
RKR, EHT 85 HAth 5 A8 sl & = AL (an &b
HEZE 2 2 30) W ] 2 BOsk S 2 . A SR R AR
RN, HARME S AT R T REE S5
J5 eS8 AT 3@ 3F CRISPR-Cas9 52 [H 4 48 5 A A4
## P276T sMRAFR MR, PPN HXHR S B MIC
{ELFRI R

25 L TR, AS M DX AR i 25 L T RE S
cypS1C WIS I, SR, V& 2 X mes 25 i
PG AR Z B — L IR, BLIGIRIR Z
FHE YT E EZ3 R B, 300 ih X2k
25T 2P EAS TR &, IR T T LA 25 T ke 5%
1, R 2 RIS P T 245 [ A i
I, FRATT T B — A I B i A B AL AN 2
BL, SHRBTZIRI TR, IR TR IR
R, REBREAAE,

1B TR

B'EUEAE PN P o9'® ) SYSE: SEFRE IRE SN
ARSI, s, R R s e A
WA SO R AR T BB B3R
ESH

F| 25w R = OA

I FEAAFAEAT AT T A A 45 v 58 B0 R ol 5
W55 KA
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