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Effect of heterologous auxotrophy markers on adaptation to various stresses in Candida albicans
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[Abstract] Objective To investigate the effect of heterologous auxotrophy markers from non-Candida albicans (C.
albicans) yeasts (C.dubliniensis HIS1[C.d. HIS1], C. maltosa LEU2[C.m. LEU2]| and C. dubliniensis ARG4[ C.d. ARG4])
on adaptation to various stresses of C. albicans knockout mutants (by Hisl-Leu2-Arg4 strategy). Methods Fusion PCR
strategy was used to construct recombination fragment, which was then used to transform SN152 by lithium acetate method.
Genomic PCR was used to confirm the integration of the three selection markers. Spot assays were employed to assess the
sensitivities of different reintegrated strains to different stresses. Results The results of PCR showed that seven reintegrated
strains containing C. m. LEU2, C.d. HIS]1 and C.d. ARG4 were successfully constructed. The results of spot assay showed
that there were no differences between the seven reintegration strains and SN152 in responses to the tested stresses. including
pH stress, oxidative stress, antifungal agent stress, metal ion stress, cell wall stress, osmotic stress and DNA damage agent
stress. We also found that only strains which integrated C. d. HIS1 marker could survive from the 0. 02% SDS stress.
Conclusion The three heterologous selection marker C. m. LEU2, C.d. HIS1 and C.d. ARG4 do not influence the sensitivity
of C. albicans to most stresses; comparison can be made between C. albicans knockout mutants with different markers, and
SN152 can be used as parental control. While assessing the sensitivity to SDS, the results vary with different selection markers,
and SN152 can not be used as a unified control; therefore comparison should be made with C.d. HIS1 kept consistent.
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FHGIAT X B bR 3 K . Noble %5 #F 5% &
A, 33K 6 i 16 A 1 X PR AR 18 B ) A S e L (R R AE
G TR PR FC At 22 AL, 0 2 TR bR X A SRR B rp &
oo 17 85 ) BB B, 3 AN B R A 10 A 15 23 5 e TR AR 110
ECS VN1 BE /R T S n NI G & W B S Bl e 4R O N |
T 1 A A fiRE

A 5T 8 5 H HE SN152 4 A [H] 0 3% A i [l 42
B, oK H spot assay 7% 28T AN [R] i 15 BR i %
TR TR 32 45 ol 1 3800465 171 1) 2 )

1 #MBITE

L1 XA 53R &4 BRI YPD B R
(1% yeast extract, 2% peptone, 2% dextrose)
SOCHRFER IR . WA B TR AL TE YPD [l 4 1% 7 it
(YPD + 2% agar) FEERE 4 5000 AT i 259 L #4)
AN [R] EAR 1, B AR (L) AR B B T A &
(H,0,,6 mmol/L); (2) £ il JK 1 7 24 . 53
(fuconazole,4 pg/ml) , il B M (ketoconazole, 2 ng/

mD . BKFE M (miconazole, 2 pg/mD) , M PEE E B(am-
photericin B, 0.5 pg/mD . 1i % JEFE H & (brefeldin
AL15 pg/mb; (3) 4 Jm 8 5 N JAL B (KCLL 1.5
mol/L) . &L (NaCl, 1. 5 mol/L) , L5 (CaCl.,
125 mmol/L) , A8 (LiCl, 200 mmol/L) ; (4) 4ii g
BESS A A0 259 . WIS 21 (Congo red, 200 pg/ml),
9t 3 1 (calcofluor white, CFW., 25 pg/ml),
0.02% 1 — %¢ £ i BR 41 (sodium dodecyl sulfate,
SDS) , K If 25 % (caspofungin, 0. 25 pg/ml); (5) &
B N H Il (glycerol, 250 mmol/L) . I FLEE (sorbi-
tol,3 mol/L); (6) DNA 5 £ N7 . HY & i /it R
(methylmethane sulfonate, MMS, 0. 02%) , ¥ % %
(hydroxyurea, HU, 30 mmol/L); (7) pH W #. H
150 mmol/L. HEPES & M 1 YPD ¥ % pH K
4.0, 1 50 mmol/L Glycine-NaOH % Wik ¥/ YPD
B3R pH 2l 9. 0,

SC #EF F & 6.7 g yeast nitrogen base, 2%

dextrose, 1. 05 g dropoutmix; SC-HIS FI SC +
0.02% SDS 53R 343 7E SC Ky 95 HE i BL Al I #b 58
histidine (20 pg/ml) B AT A Z W By 0. 02% 1Y
SDS,
1.2 B#ME BB SNI52 R K. pSN40,
pSN69. pSN75 4 i Suzanne M. Noble # 4% 1 8%
(Department of Microbiology and Immunology, U-
niversity of California-San Francisco, San Francis-
co. California, USA), HIfl& PCR M # &4
B¢, Hisl-Leu2-Arg4 A mi B 5 A4 2 [l 7, )
SN152 4 5 M & C. d. HIS1.C. m. LEU2 fI
C.d. ARG4 3 Hric. BTG RAILE 1,

C.m. LEU2 Fl C.d. ARGA 435191 52 5 (1 i 24
BERETE A9 LEU2 Fl ARGA 7 5, B 5 LA PR 24 8% B
B SN152 JE 24 DNA M #A, L P1,P3 5 P4,P6
S35 Y #EdT PCR 9345 2 T S 4 /0 b F i
F Bt pSN Universal F.pSN Universal R & FF
W51, L pSN40, pSN69 A 4z PCR 4 4% 74 %
C.m. LEU2M C. d. ARGA Wi i pric v Be, 154 DL b
P R B A AR L P P6 5l ) BEAT BlE PCR
RRRGE B, KRGl BOH S PR (LiAc) 2 5% 4
A PR 22 BT SN152 h, U T $R M B 57 i SC-
Leu 5 SC-Arg #7741, 48 h Ja BRHCK (9 14 7%
fhFER 21 DNA #4723 PCR %7€, 51K 1
upcheck ,downcheck, 14 2| &% C. d. ARG4 1 C. m.
LEU2 W E M E SNA SNL,
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Tab 1 Primers used in PCR amplification
Primer Sequence(5'-3")
ARG4 P1 GGA CAG AAA GTT ATT GTA CAG
ARG4 P3 cac gge geg cct age age ggG ATT ATT
CTT GAT AGC TGT TAT G
ARG4 P4 gtc age gge cge ate cct geG TCA TAT
AAT AAT CAC AGT ATT G
ARG4 P6 TCA GAC GAT CTT TAC AAT GG

ARG4 upcheck F
ARG4 upcheck R
ARG4 downcheck F

ARG4 downcheck R

LEU2 P1
LEU2 P3

LEU2 P4

LEU2 P6

LEU2 upcheck F
LEU2 upcheck R
LEU2 downcheck F
LEU2 downcheck R

HIS1-RPSI upcheck F
HIS1-RPSI upcheck R

HISI-RPSI downchec
HISI-RPSI downchec!
pSN Universal F

pSN Universal R

k F
k R

GAC ATA TTG ACC GAC ATA AT
TTA CAA GTA TGA AAG GAG GGG
CTT CAA CCT TTC AAA CGA TGC
CTA ATG ACT GAA TTT GAT GTA
AAG CCG AAG TCG ACT ATG TC
cac gge geg cct age age ggG GAT ATT
GGT TTT AAA AGA AAG G
gtc age gge cge ate cct gcA CAG TAT
ATA CAG TAG TTA GC
TGA CAA ATG AAT TCA GTC AG
GCT TTG AGT TCT GGG TCA GC
GCA CGC CGT TAC AGG AGT TA
GAA GTT GGT GAC GCG ATT GT
CGG TTT CGG AAA TGA CAA AT
TTG AAC GTG GCT TTT TAC ACC
TCA AGC CCT GTA GCT CCATT
TCC GCT CAT TTG ATT TCC TC
AAC CAG ACT CGC CCT CTC TT
ceg ctg cta gge geg ceg tgA GCT CGG
ATC CAC TAG TAA CG
gca ggg atg cgg ceg ctg acG CCA GTG
TGA TGG ATA TCT GC

C.d. HIS1 M &Z % C.d. 1y RPSI 1 5, ¥ &

i pSN75 (i E& A C.d. HIS1 marker Fll RPS1
P B B R BRI YT Noe T &tk s
BEAERE Y SN152, AR ik e 43 & C. d. HIS1
FEM B SNH, [FH, % SNA,SNL,SNH [ 3 fif
A G R TR bR O] vT 45 SURR 2 F1 & B SNHA
SNHL,SNAL Hl 3 FRic B B SNHLA, 4% B3
PRLTE WL 36 2,
1.3 Spot assay % ¥ 5L 5 ik 5 3G M B
Jel s TR AN S R BETEDL 1.1 I, KA
PR DN —80°C H ¥l V5 A7 T o M B b it L R 2k 4 D &
YPD [EA RS SR 5L 30°CHE % 48 hy N HRICERAN T I
T 1 ml YPD RS Fe 5 b 30°CHR$E 16 h TG 4k, fif
FLTA AL T 48 8 A KOS 0 B YPD R R TR %
5X10°/ml, #HK IR 5 A% B B 5 ANk BE BB B L ik
JE 3 ol o5 F AH R 5 2585 3 35 1, 30°C sk i 8 KE
I 48 h JF WA 5 A KRS .

SC,SC-HIS,SC+0. 02% SDS = 5 -4 1) B 4
b REIAE IS 16 h 5. T 1 500X g #4005 min,
WFE W, BUCIE M 1 ml AEBE K EE, T
1 500X gB50> 5 min, WF B, LR & 3 WK, B
VEZ YPD i FR W W UTE ] 1 ml AR B K B
PR %N 5 X 10°/ml, Z J5 Fi B 1 000 %5 If 14
i BRAETE |,

x2 ZHRPRAIMEKEERER

Tab 2 Genotypes of strains used in the present research

Strain Phenotype Genotype

SC5314 Prototroph Wild-type clinical isolate

RM1000 His™ Ura hisIA/his1A ura3A: :imm*** /ura3A: :imm*** irolA: :imm*** /irol A: : imm*3*

SN15208] Arg  Leu  His argdA/argd A leu2A/leu2 A his1A/his1A ura3A: :imm*** /URAS irolA: :imm*** /IRO1

SNH Arg” Leu™ rpslA;::C.d. HISIA/RPSI argdA/argd A leu2A/leu2A his1A/hisIA ura3A; :imm***/
URAS3 irolA: ;imm*** /IRO1

SNL Arg™ His™ leu2A;::C.m. LEU2/leu2 A argdA/argd Ahis1A/his1A ura3A: :imm*** /URA3 irolA: :imm*** /TIRO1

SNA Leu His argdA: :C.d. ARG4/argd A leu2A/leu2 A his1A/hislA ura3A: :imm*** /URA3 irolA: :imm*** /IRO1

SNHL Arg™ rpslA::C.d. HISIA/RPSI leu2A: :C.m. LEU2/leu2A argdA/arg4 A hisl A/his1A ura3A: :imm**/
URA3 irolA: :imm** /IRO1

SNHA Leu™ rpslA;::C.d. HISIA/RPSI argdA: :C.d. ARG4/argd A leu2A/leu2A hislA/hisIA ura3A; :imm***/
URAS3 irolA: :imm** /IRO1

SNAL His™ argdA: :C.d. ARG4/argd A leu2A: :C. m. LEU2/leu2A hisl1A/his1A ura3A; :imm***/
URA3 irolA: :imm** /IRO1

SNHLA Prototroph rpslA;::C.d. HISIA/RPSI argdA: :C.d. ARG4/argd A leu2A; :C. m. LEU2/leu2A hislA/
hislA ura3A: :imm**/URAS3 irolA: :imm**/IRO1

) # = &4 Cod. HIS1.C.m. LEU2 I C.d. ARG4

2.1

HAReME  pSN75.pSN40, pSN69 ki I

3 BUIEIR P 81, H 4 it 2 11 23 0 B Wi 2 R L S R R
TS 2R 1) A= 0 6 s 0 2 i (1 T bk A BE T A L
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TR R R, P 1A FroR, BATLL SN152
SRATE G L R AR 50 3 Bk ARG i S PCR
R A A TSR AR IC A B R, WA 1B TR,
i3 £ 2 PCR % iE 4% AR i B 5% AR AR B 5k R 4 7
S H AL E ER. BB A 1 KN g 5 Dy HIST-
RPS1 upcheck 2 044 bp, HISI-RPS1 downcheck
2 076 bp, ARG4 upcheck 511 bp, ARG4 downcheck
332 bp,LEU2 upcheck 1 221 bp, LEU2 downcheck
678 bp., Z4H5L E IEH .

A P1  P3 pSN Universal F pSN Universal R P4 P6
—_— — — -—

— —
U C.d.ARG4/C.m.LEU2 marker |—{JDowW
Rt Upcheck R Downcheck F ™.~
—_ ARG4LEU2 locus
— -
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= C.d.H1S1 marker =]
UpcheckR Downcheck F ks
_.__.| RPS1
—_ -
Upcheck F Downcheck R
B bp M 1 2 bp M 1 2 5 6

6 000—]|

3000~
v
sNH 2 000

0007

1 BHMEREE

Fig 1 Strain construction and verification
A: Fusion-PCR-based cassette method for re-introduction is dia-
grammed in this schematic. Small arrows represent orientation and
approximate position of primers used for PCR. B: Construction of
the SNH, SNA, SNL, SNHL, SNHA, SNAL and SNHLA reinte-
grated strain was verifed by genomic DNA and amplifed with the
primers. 1: HISI upcheck; 2. HIS1 downcheck; 3: ARG4 upcheck;
4. ARG4 downcheck; 5: LEU2 upcheck; 6: LEU2 downcheck; M:
Marker

2.2 BRI EA AR Spots assay
S0 5 4 25 TR AR A G N 3 1Y) SRR L AL HE pH
B (pH 4. 0.pH 9. 0) B AL B (H2 O2) L 45 Bl il IR
U TR 24 10 TR IR R MR | T 5 A | DK R A | T R R B
MEIEERE ) &8 & F N (NaCl,KCI, CaCls .
LiCl) | 40 Jf BE 53 473 A0 ¢ 245 9 i 38 (CFW ISR 21,
A5 SDS) 5 18 35 I i (L ALEE  H D \DNA $i 43
N (MMS HU) . Ry il 20 T bk 7T B 19 28 742 47 ok 1Y
GERAAIE RN O, B R R R AR AT 2 MR DL B TR
ALK, I A FRIE Y 3 4N SNH L SNL,SNA
XiF 4% L B Ak PE I A AN 2 BiEaR L BR SDS Ak, 7E
fib R 38 A% PR A5 B AR R LS SN152 — 20, B C. d.
HIS1.C.m. LEU2 il C. d. ARG4 FRic A5 B Ak
Xf B3R R 3 (B SDS A1) iy ffR

P T R 2 T B A 35 TR 21 U A, 7 A 9%
FEH TR i 5 HEAT 2 W QL R4 0 2 A B ik AR il
e Wi 25 A5 L TR, T DA R AT 36 8 25 S A Ry xR
o FESEAS T Al [ & R RE bRl . an R L bk 98 28 1A
i 5% B FH A B 18 S — B, TR — /S L A ) A A [
(% B HLAS BB HE B AN [F] bR 10 0 45 R0 52, O fi
et ) L B AR T XM bR ] B 2 B SNHL,
SNHA .SNAL K& 3 tric I & " SNHLAJF %% T
ANFEIRL A T & R AHSC R AL, WK 2 fios,
5520 10 4 B AR M R, B SDS 4b, 78 Ho At B 38 & 1E R
KR ERA L SN152 —3K,

HANNE 2 Al LA L FE 5 0. 02% SDS 1)
YPD [E fA& #5773 LA SNH, SNHL, SNHA I
SNHLA 4 # & bk fg 8% &£ K, i H 4 4 bk 3Bk
SN152, SNL, SNA fil SNAL A& 4 K, & T
SNH,SNHL, SNHA il SNHLA Bt &8 nl & T
C.d. HISIFRIC. MM HAM 4 ¥REEAS & A AR ic . il
FATHED HIST e KX T & R it 32 SDS i 38 %)
IES TR

T HIS1 5E R G 5 24 2 A B, 3] 4
PR H B A B T W BRI 32 SDS & 2] 5 8 F
H L BTN 28 T B AR BT SC5314 A HIST B2k B
Bk RM1000 X} SDS By Bk M, 45 2R 7R, SC5314
TEF 0.02% SDS Wy 4L A K R4, T RM1000
ANRETER 0.02% SDS Myl 3 5 4B K (| 3), [A
P 3 45 R FLJR e B = A & R B 55 3 LR RE
KEBMRAE S 0. 02% SDS (1 35 % RIFE A e
K R R A B AT 23 5 B R AT SDS &
U



S50 M. AR R AR SR IR IR LR AR S 0F 1B 2 B T 52 45l R I 5 R * 933 -

FLC (4 pg/ml) KTC (2 pg/ml) MCZ (2 pg/ml) AmB (05 pg/ml) BFA (15 pg/ml)

SNL
SNA
SNH
SN152
SNHL
SNHA
SNAL
SNHLA

SN152
SNL
SNA
SNH

SN152

SNHL

SNHA

SNAL

SNHLA

HUGOmmolL)  MMS (002%) H:0: (6 mmol/L)
SN152 ® 2
SNL
SNA
SNH
SNI52
SNHL

SNHA
SNAL

SNHLA

B2 &ESEXEHEHEGHEHE
Fig 2 Adaptation of reintegrated strains to various stresses
All strains were grown to post-log phase and then spotted in 5-fold dilutions onto YPD plates with or without chemical agents as indicated.
Growth differences were detected after a 48 h incubation. Single marker reintegrated strains SNL, SNA and SNH; double marker reintegrated
strains SNHL, SNHA, SNAL and triple marker reintegrated strains SNHLA were compared with wilde-type SN152. FLC: Fluconazole; KTC:
Ketoconazole; MCZ: Miconazole; AmB: Amphotericin B; BFA: Brefeldin A; CFW: Calcofluor white; SDS: Sodium dodecyl sulfate; HU:

Hydroxyurea; MMS: Methylmethane sulfonate

4.0.pH 9.0) S AL B # (H, O,) BT B 25 b 3# CRUE
W TR RN BK R G PERE R B R R L4
J& B W (NaCl,KCl, CaCl, . LiCD) , 41 g BE 451 15 1
KW CCEW MR ZL R IA 2560 18 3% 0 (il 34
B CH D CDNA #5145 1 3 (MMS, HU) fy 3 5 % 42
TCHE M AN R bR I w5 B (B) T DAAE B g, HLAT DA%

SC-HIS

J
SC+
002%SDS
=
@
O
195}

3 REHEIT SDS B R —J1 SN152 YE R X B, [H 2 AE % £ B X SDS i
Fig 3 Strain adaptation to SDS stress VAN P90 P S AN TR e 55 2 45 R AT R T W A

ok AY 3 . 4 vy
SC5314, RM1000, SN152, SNH, SNL, SNA. SNHL, sNHA, — HEF SN152 AEJy 48— X M. 8 JE A7 M1 B b Bt , 22
SNAL and SNHLA were all grown to post-log phase and then spotted (J‘]E%E» C.d. HIS1 ﬁiﬂd‘é‘ 2}1#?& o

onto SC plates and with SDS or with histidine. Growth differences éﬁﬁﬂfi Q %%ﬁkpﬁﬁ% lJ:_l {E%@%X‘T SDS %—E
were detected after a 48 h incubation ﬁi‘ E]’Jﬁ[‘fﬁlj H A ﬁf HH Eﬁ SDS J&—Ff m T FEHE

L SRR T R R T MY B R
?Lﬂcﬁyi‘i@\?ﬁiﬁ‘%f%%ﬂé}%ﬁlﬁﬁ‘éo TEE WAL 22 J7
17, SDS 73 H i K K 8% 55 3 5o 1 R AR AR

ABFEEE RSN, Cod. HISI.C.om. LEU2 A1 PRSP AREAE ), 1004 60 H £af (19 B R AR T L 55 7K 1
C.d. ARGA pricxt HR 22 BRI 52 pH B3 (pH - A8 A By TR R AR R B2 40, & BUE A i

304 8

-
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R R ERE T R E A S DNA M4 4.
FEXT B 22 T B TR 1 i 58 v L SDS 285 85 A7E S il 3R
201 it % T 45 A4 1 B R X R 25t 3R T SDS
B, AT T BE B T SDS 5 4 A R & A N 5B
N TR a4 FE 3 FR B P &R L (AR B B
B ZH R Y B RR R T A R RR BB = mi R T of B R
% B 1A R 1 T R U T R ), LA B WL T
LA E

His1-Leu2-Arg4 5 F i 5 5 g 28 2 Wk [m] 5 41
e & O S7S VR PN Nl 2 A e e i AR N
B L D5 BT A R L R R T R BRSO L T
ZJEHN D BE B 5E . (B B T 0 2 A ] 0 A A il
TRTARR Z 8] 1Y) L 3 AS BB JE ™ A% 2 SC 1 9 % R OG
R AR IE 45 R A — T R . FRATT
FEUESE L 78 KA L 2% 1R L 3 0 228 A 1 14 A7 7E
XiF T TR BR 14 2 RO A W R R, T Rk =2 1R AT gk AT
FHE LA ABFE SDS W& T .C. d. HIS1 #3id
(A7 5 150 ™ E 5 SRR 2 R A R AR A
JEWFSE N 5L R B Hisl-Leu2-Argd JE F 5 4 5 0g BF
T B 22 B o 35 DR ) R 31 o 4 SR

4 FBMR

Jir A VR P AR SO 8 BAT A ) 23 e

e

o

[Z % x #K]
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