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Overexpression of IFD6 in Candida albicans promotes biofilm formation
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[ Abstract | Objective To investigate the effect of IFD6 on biofilm-forming ability of C. albicans. Methods We
constructed an IFD6-overexpressing plasmid and inserted IFD6 intact open reading frame(ORF) under the control of the MET3
promoter in pCaEXP plasmid, which was then used to transform C. albicans CAl4 by lithium acetate method. PCR was used to
investigate the in situ integration of IFD6 gene and real-time PCR was used to select strains highly expressing IFD6 gene. XTT
assay and confocal scanning laser microscopy were used to investigate the changes of biofilm-forming ability before and after
IFD6 overexpression. We also investigated the changes of cell surface hydrophobicity (CSH) using relative CSH assay.
Results We successfully constructed IFD6-overexpressing plasmid as confirmed by restriction enzyme digestion and sequencing;
IFD6-overexpressing strain was successfully established as confirmed by PCR. Real-time PCR successfully selected a strain
highly expressing IFD6 gene. The results of XTT assay and confocal scanning laser microscopy both showed that IFD6-
overexpressing strain had an enhanced biofilm forming ability and an increased cell surface hydrophobicity. Conclusion
Overexpression of IFD6 can enhance the biofilm forming ability of C. albicans by increasing CSH.
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L1 BHRARE HEKE CAF2-1CGEARE N
SC5314, % I 2 Ay ura3A @1 imm434/URA3)™,
CAl4 (GEAR K & CAF2-1, F H ZE A K ura3A @
imm434/ura3A:imm434) " ¥ H William A. Fonzi
(Department of Microbiology and Immunology.
Georgetown University, Washington, USA) 2 i ,
FIA& Bk W HI-H6 GRA W O CAI4, [ Ay
RP10/rpl0A:: pCaExpIFD6-URA3) \PEXP GE A 1#
B CAI4, % W 2% #1  RP10/rploA & pCaExp-
URA3) AR, 5 R IBBAR TR pCaEXP
FH T A8 2 R R IR i ek iRz

L2 3R RUY WERRE E AR A A (yeast ex-
tract pentose dextrose, YPD) £% 3% W . B¢ £ & J&
(yeast nitrogen base, YNB) £% ## & . Luria-Bertani
(LB)Hi Jr 3 | LB-20W 75 5 & 3 7 2 (LB-Amp +
R RE IR R A 1 95 3 (synthetic defined medium,
SD medium) , SD ¥ £ ¥ 1% 7% £ (SD 15 7% % §h D
PRUERE | 1-H B2 2 | F B2 R . SD-ura” met™ Cys™ )
X105 @il

1.3 &7  XTT (2, 3-bis[ 2-methoxy-4-nitro-5-
sulfophenyl ]-2H-tetrazolium-5-carboxanilide inner
salt) . ConA (concanavalin A) I A Sigma A #;
FUN-1 1§ B Molecular Probe 23 &l ; 1F ¥ ¢ Wy B [E
2 L2215 A R A Al s Pyrobest DNA polymer-
ase,DNA Marker D1.2000 #1 DL.15000, T4 DNA %
B H TaKaRa A Al ; Rl MW Y1 B BamH T
Pst T .Stu 1 W H Promega 22 A ; B DNA /N i
XM G A LAY TERARS A /N
DNA g IR F) £ . PCR 72 ¥ a4k i85 & [ v 5
HY) A PR A ; YeaStarGenomic DNA Kit g H
Zymo Research A 7] ; % 6 € & RT-PCR Ar FH i 7
I H TaKaRa 2~ dl .
1.4 MBEHHEE Tgradient PCR Y, %k & &
real-time PCR 1 (Bio-Rad) . Leica TCS sp2 # ¢ 3t
B B IE (Leica) ; Multiskan MK3 % i #7546 1 43
(Labsystems) ; MJX B BB & W H 40 (T IR IL M
X #$) il # ) ; Eppendorf 5417R 5 8 ¥ % B O #L
(Eppendor§) ; FR-180A HL ¥k ( 15 H A9 5L 5
HARWEHFD .
1.5 IFD6 AR & AKX KK HERER I
IFD6 K& [H 56 % IF 3 ) 32 4E (ORF) & T pCaEXP
FR AT MET3 J3 )+ /95 11 LLSE S IFD6 JE 4]
BIFRIE, HETE CAl4 ZRNAH Y &H BamH
1 A Pst 1 BVI07 5 09 TFD6 3£ K ORF A BE, F X
2 MK IFD6 ORF F Bt & pCaEXP kL 43 5l il V)
AL IS R Y . B I T W B A R I R TR
DH5a. ¥ i T LB-Amp -+ & & K5 35 5 I, BRECE 7%
PHG 5 B BRL . R I8 UK BT KL pCaExp-1FD6
R I O] 0y %0

£3 PCR BrHSIYF 5] . IFD6 L iE51 ¥al5'-
GGT CGG ATC CCA CAA CTT GAC CCC GAA
TAA C-3"(BamH 1 )], IFD6 F 5| #al5'-TCG
GCT GCA GCT CCC CAA TGA AAA TCC ACT
C-3"(Pst [ )].IFD6 LiiF51#b[5'-CGG GAT CCA
ACA TGT CAA TCG ATA-3' (BamH 1 )].1FD6
TSI ¥ b[5'-TCG GCT GCAG CTC CCC AAT
GAA AAT CCA CTC-3"(Pst 1 )], PCR R &AM
94°C 5 min;94°C 30 s,58°C 40 s,72°C 100 s,30 4~
MG 572°C 10 min,
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RP10 chk Ei#51#%1(5'-TGC CAA TTG CGT AGT
CAC A-3") fl TFD6 chk FiiF 51 % (5'-GGC GTG
ATA TGG TTC ATC A-3") N 5141, PCR ¥ % 2
IFD6 ORF A Bt J2 17 8 & 2] 11 & 2k i &L K 4 RP10o
firf, PCR R4 94°C 5 min; 94°C 30 s,54°C
40 5,72°C 40 s,30 PMEFF;72°C 10 min,

1.7 %8 % % real-time PCR # 47 IFD6 4 B % iz
KR EE SR/DEBEREE A RNA #2100 & (K
PR TRABRA FD 4T 5 RNA #li4&,

1.7.1 R % F % cDNA &R R ECH 5% SRR A
S - 5 X PrimeScript Buffer (4 pl) , Enzyme Mix
I (1 uD.Oligo (dT) Primer(1 pl) \Random 6 mers
(1 D \RNA(1 pg) RNase Free dH, O (Z{EF 20
pD o WA G HANTE KT RO sk A . 37°C 15
min,85°C 5 s.4°C B A7, NI Bl 78 oK - #RAE .
BT IAE Sk M2 PCR % ¥ 16 52 96 | i 17 5% RNA B4k
B

1.7.2 RT-PCR R & HW KNG Y AT
A TRBEARMRS ARAF AR, RT-PCR frH5]
WIF 5 . 18S rRNA #5141 (5'-GTG CCA GCA
GCC GCG GTA-3"),18S rRNA Fif51 4 (5'-TGG
ACC GGC CAG CCA AGC-3");1FD6 L5149 (5'-
CGT GAA GAT GAC AGA GAG TTG-3"),IFD6
U5l ¥ (5'-CCC AAT CCA AAA ACA CTA
GCC-3"), # Wk R H RT-PCR B A& W .2 X
SYBR Premix Ex Taq [l (10 pl) \Primer FWD(0. 5
pD (Primer RV (0.5 uD) it cDNA(2 D) ddH,O
(7 pb . RAJE LN & AF 4T RT-PCR I -
95°C 1 min;95°C 10 s,60°C 20 s,72°C 15 5,40 1§
W, 10 3 N 1B B {H (cycle threshold, Ct),
it B/ ik K FE. AACt = (Ctpgan
Ctesam ) uwa — (Ctamrm — Clazam ) wma » W 2722
Fon TFD6 He A i 2235 1 H 9 56 B A X F 26 A E B
10 B PR 1 R 3k K-

1.8 AMHIEMH R ¥ H&KE M —20°C Hi
HATHE FRECDE, M E 1 ml YNB+ SD-ura
met Cys ¥ FEW, T 30°C,200 K /min #+E 5 #,
WAk 16 h; BUZBE W E 2 ml YNB+ SD-ura™ met™
Cys W, H iR 7 i Bk iE 4L 16 h, ffi FL R
A T8 B0 R IS 5 B0 WSS TR 40 i L PBS T T 3
W PBS HEME T R 3107 /ml (ANt E
1T 520 nm AbR] LGS E DL, =0.38) ., BUZH
BWOMAE R 96 fLF-A, BAFE R EAL 100 pl, 23 A

FATE AL, 37°C,HEMEE 90 min, 150 pl/fL PBS
Uk 2 L HEEMAASLH PBS, A YNB-+SD 100
pl37°C W E B R 48 h (i H B8 & YNB+ SD-
ura Met Cys IR,

1. 9 A AR E KRS A F N E (XTT
SO R T IR IR I A WL 3 S A
fLtF YNB 4 SD-ura met Cys 3535, PBS &
Ve 3 WL TR ARF M A M, KT, A XTT-H ZE5 R
W 200 pl, T 37°CRIETPICE 2 h, I 100 pl F
THETH 96 fLF AR, BEAR AR 492 nm 4 40 450

D1H.
1.10 #H A 2R EEH4E (CSLM) LR 4 Yk
BT OB A R T A BERL R 3 AR 4 TR AR W I R

WARAER SR 24 h J5 A A 10 pmol/L FUN-1
GRS 543 nm, K G 560 nm) #1125 pg/ml
ConA (it & K 488 nm, & 4 #% K 505 nm) Y
PBS.37°CH#E 45 min. LG R M4 B B W48 A
Y Y IR L

1.11 @k & %K (CSHY @ &M RIK-12
TR 0 S 2 A 00 1 e R T N Y AR TR K 1 AT
TR T vk B Y BUAE W BB L 43 S A L DL Y NB A
SD-ura met Cys il & B E W (A 4. Dy =1.0),
BAW L2 ml BWE T I HFHEBENMA 0.3
ml IE¥RE, BERIRA) 3 min, HEHGEWMSE, W
A 43 85 I S BRI 52 K AR B Dsoo (B (B 41D . 40 36 i
A = N B T I S DO 1 I T S
(Dsoo am — Disoorn )/ Dioo asm o

1.12 %t 34 # RT-PCR IV SLEKEAE 3 K
A I R A K B T 2 D SR AR 3 Ik Ak
T 7K P R S IR R AR 5 R IR R L x5 E
7w KB KF-(a) 2l 0.05,

2 & B

2.1 M AFKE IFD6 AR & AKX HAR L0 FRIE
26 38 FUORL pCaEXP-IFD6 H 4 A B IFD6 % [H 4
ORF J¥ %15 NCBI M3 |- Blast Nucleotide H X, 4
LB R 100% .,

2.2 RT-PCR K& Xf 48 0Y f& R Ik W #E4T RT-
PCR 43 #1, % %8 TFD6 & K () £ 1k K, IF LR A
H IFD6 i R Y 2 3k KO 1 g X BRL 45 R R .
pCaEXP-IFD6 H & A= s A1 6 MY (H1~
H6) o TFD6 PS8 T A R K- 1 i ik, Ko
TR H1~H6 (19 IFD6 3 [ [ & 3K K F 4 5l 2 5%
ARTH A (136, 3245, 0),(83. 04, 3),(92. 00 £
5.2).(119.00£3.0),(7944.8) . (75. 0044, 5) 1%,
2.3 SNAMHEBERS N FHH A (XTT %)
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i T 23 0Ok B X BB RSB AR B (0. 46 +0. 013,
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2.4 OARBEAMEBYHEINE UGB
FUN-1CAJ g B A 36 P B4 40 % 78 m s 21 €, e i
JE) Al ConA (1] 25 4 22 0 b %) 75 285 0 0 H 588 o o 2k

Ak

K ER T, Y ) e 0 ) L Ok I8 R A B R
WS S 7S . o IR TR AR BB b B R LT 22 LB
A A R B T i T 23 SR 1 Xt R TR R S AR B
A O T 235 K KT B A L TR 22 14 /0 L 5 B
TR A D,

Bl1 BAEREBMEUE IFDe EFE S RIS EW#EN R
Fig 1 Confocal scanning laser microscopy showing effect of overexpressed IFD6 on C. albicans biofilm formation
A: Hl; B: PEXP; C. CAF2-1. Images utilizing ConA(green) and FUN-1(red) staining. Metabolically active cells are shown in red and cell

wall polysaccharides are shown in green

2.5 ramp k@B YR e Kb
vy ALY E 4 S A R S A [ NS e D
T B 7K P (L B8 v 0 W) A ) 4 6 T 22 A e ) A
20 Jif 3 T B K M S8 28 ¢ K50 43 T R L IFD6 15 R
KT AR R 22 68 11 (0. 6740, 030) 8 & T 5 R
G B TR M SE A (0. 54+0. 033,0. 5340. 066,
P<C0.01),
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RT-PCR #UE 1 HE P 19 & 3R A5 00, XTT ¥ MOt
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UL TFD6 Jk A i) 2 35 1A 40 9k JEE ) I B B I8 LE A G
SET B ST IR GE d o TFD6 3 N 5 B 2298 1 i % 1
K R TR . Zap1 3 H 2 52 W TR 22 JE W i) o 2L
BN, Zapl BB R 5K @ IFD6 R 5 H W
AR

IFD6 7 R [ RF rh iy [ 5 56 PR 9 A 05 2 & 1
JIi S . Ehrlich 3 H e 35 i 18 B0 S0 R 0 1F H
238 % T DLl A SR [k K B S R A o R L o

T 2 00 20 5 78 Ry B A (R I JE B Y 3 O WETY L kR
(R 28 A T S 1 {1 JR% g RN 40 A 5 MR . O
HE WEAE A ) 4 M R R R I TR 22 A AR )
BEREIE B, S A HA B B & W Bk &
FE LA I A5 ) B B v R SR I AR B 22 TR T, i
5 Z W W IFD6 7E AR R Rk by A R R
YPLOSSW % fi5h (1) 75 5k B i A W Th gE Wy 5, H Ty
REETERRIRERE T 1 72 T 5 B OB+ NAD =1 43
FIH LB+ NADH+H ", I H XA BN 7 & 47 1
FER A ML Al

FETLL B4 M HEN . IFD6 = ik S 8O 3 2w
R AR A8 i, A el L o T A IR 2 X B 2 A )
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