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Candida amazonensis FLP/FRT E R 5% R FIE R ¥ E
BE, WP, Hmsk, WMEL, TEW, HM

T RFREREBE T Z5EARER TEEEE, TIAEYEAREEHEALEE, 1L LY 214122
WE. [ B ] WE—EHT Candida amazonensis $iitEnic vl B FAY FLP/FRT XN ik R4,
Fil L @B C. amazonensis ()PS5 R ER I SR i L K] (Pyruvate decarboxylase, PDO)X}i% RGEMA T4 Bk
[ 5] VA gfom (SREDCE TR G EEN, @i WA %S5 PHE Spathaspora passalidarum
VR )G B F-(SpXYLp . SpMAL6p . SpMALIp. SpGALIp)Fll Saccharomyces cerevisiae i ScGALIp J3 8l
F71E C. amazonensis I FIIEMERE . M85 78R sh 845 FLP A MR RIL, IFFE FLP 3=
ik 5 FNE R 2R (Hygromycin B)YHUEbR1C & B (hphm) P St U8 N R [0 T2 2 /) FRT 37 /5., UL PDC FERAE A#E
JE DRI AA 2 fiBa & PRFgHRP, %4015 £ C. amazonensis CBS 12363, ik S 2 LR 715, @i
PEpofl, ik FLP SZ0Rg, SCOl FRT Al BeblBe. [ 4551 1 i s 5080 R WIS 8+ SpGALIp (3%
L FUE )M SpMAL Ip (3272 ZEH5 ) & AT C. amazonensis ™ #%75 SRR 8 F. VA SpGALIp 1
¥ FLP FEF LR, MER bR & PRFgHRP W46tk F 6, RG4S LT C. amazonensis PDCO1,
LIRS S VIR v FLP ik G APTrEtric &, R15 588k C. amazonensis PDC02,
[ 458 ] BkESr T —MEHT C amazonensis HLtEbRiC A S K FLP/FRT SN @R RS, A
RGN FR T C. amazonensis WY PDC JEH, Mtk — 25 R A TRESGE C. amazonensis FEE)
BEE T RAFELA

X$#i7: Candida amazonensis, FLP/FRT, S MEsh T, ®N
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Candida amazonensis 23 42k M 5y th FR AR |7 R AR BE (350 g/L) . miifik 42 °C. pH 2.5 %
OB R — R BERS SR T AR AR B, 1% 3B 250 D ATIREA UL AR T AR R B m i AW
BRRERSAC ZMEE, IRl B R Weerde e g &, RPN RAFROTR =l o v i LA S i PR P RE

R Ee U2 e R IR C. amazonensis B
A PHEACHABERIRE J1, FFAEAMEREAE 7= Jr T 2%
B — L SCEn A ST I R B 4y

A7 R BB ANE R e X B R
SR, RAFRIBGCRE R, BRA S RARR
Rk, i S FE N A 5 R S FEA Y 212k
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YT BARCCRE, FL R 2 I8 A OC TR BRAL
R{E8. HAT, C amazonensis FK/K¥- FRIBIZE
WAk TR B, AR A SR AN P T
VERETT o eAh, i Tzl bl JE T A AR L)
PR LR il R 58, RIS+ CTG Snfih i
et F IR TR F DL 2 2R, X A3 ik R
G5 BT R I Y — S FAR TR AL AR T bRl . e Ak
DR S50k LA RO Fi% CTG 2REERE P 5256 2 A 4]
FIHE MR 4 CTG AL N7 & i %51
TTG) KR ZPUMESLA hphm RSk E T LR
gfpm (1 1~ CTG 27N TTG)LA N K H Spathaspora
passalidarum BERER G 3+ &1L T4 oo
BT —N5GHT C amazonensis WIEE R TR
& PRACTH-gfpm™, X1, A FRAYTHEARC R
W AT TGS TREF MoK, Bk, XF
BrRIAMER B2 EE C. amazonensis, HETS 55—
i e 1 P o Aol P 1) 5 R B R G ke o AR TR
Pl T T R AR B SE . B4Rk, 7E CTG
Kbl & A A FLP/FRT {7 S 45 S 4 &
Gelo70) PR 2 AR AN [ e AP o 6 S
PR T BRI 52 B AR 2P 50 E 1 Bk

FLP/FRT Z 4t i FLP 2 FRT H37 55,
PR FLP J—~ 48 kDa I Z K LA
HAT A5 34 bp B FRT 5 FF I 55 4 Sk o
A, YIBRRIMEL R 2 4> FRT fi sild@]#) DNA Fr
BOM LAY FRT A, DREA 55— FRT i s, W72
1999 4E Staib 2k BAE Candida albicans ¥
B &ML 5 (3 A4S CTG 28748 )y TTG)HY FLP &
LS T SAP2 (MR T 14 A E F A
KRBT R AT, HAE FLP ik &M W
iR Bk fr ic J B (IME3") 6 S s [ ) = 1)
FRT Bk, A B R R R GEAE SAP2 JA 81X
FLP BT, L3 2 A4S FRT A K Z 0] Fr By
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BIBR . [F)4F , Morschhauser 45 /EHTMEAR ICHE URA3
=i R ek = X AW S DA E NI L OE s N
1 C. albicans P47 T %2507 2 5Bk CDR4
FERFN MDRI BEH, HFAS5ABAE G0k, Bl T
FLP/FRT Z5AE C. albicans "HHUPEER I i A Z 3
(R % 22 i By i i . E48,  Sanchez-Martinez
ZEPOTHT ReuB ZE'S%E B FH—A C. albicans A B3R5
(02 2R T RS 3 MAL2 (BRRTTR ) SAP2)
) FLP/FRT ZGE WIS T C. albicans T
[Gl16] FRT o & 2 (8] 74 B9 B, Jorf FLP 41 il
FRIRZZZFRENTE T, Bl R i rh 22 2
WA JCHL AT ASEBINT FLP ik, M Al
LA FRT A g 6] 7 B BRTER 23 US| 4%
il fEXFEAN |, 24 Ding & Butler! "MWz mtlh £
S0 T Candida parapsilosis "W, &I H A%
CaMAL2 JRZFEHeiinE £ A SR CpMAL2
INF, A REA AT H I RE MLk NS , Gacser
U2 Nguyen S5UVE S5 SR A LR HGHE FRANT 2028
CaMAL2 JA ¥ ¥4, fEn]7E C. parapsilosis T
Bk FLP S-SR

KT LA FLP/FRT Z 44 CTG 28 £ A fF
SEN, MTREWTE C. amazonensis T idE FH R
FLP/FRT WiR REERIRAT, HOCHAETHA 1
REA% JHE FLP lERAME a7, MHEA ST
SN A sG] B AR S A T LF JoiE v
RS SRR S . BT, 2 A A RERS
T b I RE S e, Hoh TR A Y
PR B LG - SRR TR B 1 2 PSS
ST AENE 0 GALI B GAL10 JAZhT!,
A BT RE 1 CUPL IR 8h 71 SZ i iR
2 LERRA S MAL62 (BRI ERER U5 VORI MAL2
(M EARZFEREARIE) P71 LR SZ AR S XYL
R FU, IANEA — LR MET3 I MET25 %55
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BN W B 2 U 2 TEHLBERRER T
TR PHOS JR 87144 . XEER 3 TR
B SCRAR LA R, (HRZ8UA 3h TR
AT B AN B 5 A IR e A
KM RS, AR A — A SER Rk,
MELLIS B A8 5 R AUARME . AL, SRR IR S
B ¥ BUE A R R A 1 3 O s e SN
ARE S EUR S IR RE A 22 5.

ARXEFEFEXNEHT C. amazonensis 117557
RS T AT TG, ARG B0 RS U S AU
ST SpGALIp (ZF-FLHEE )& SR
FLP o 2H il Bk A 7 ot b 10 vl o 52 1) T Y
FLP/FRT RN RS, @t C amazonensis
W PDC JEIN bR 20 5k

AR

L1 RSBk

AT TR RAR . BoRLAnER 1 B,
I AI N 2 s .

1.2 B3
LB ¥i## 3 (g/L): HEMAk 10, BELHERW) S,

FALEN 100 T EAEEFRFEBIE I 1.6% 00 Bl
¥ys AL PRI INA B KN 100 pg/mL
MENTRR.

YEPD $55:3E(e/L): FEFAME 20, BEEHEEY)
10, HIZGHE 20, T [EARE FRILEA N 1.6% 35
NS T e 55 Ak T I BRI i 900 pg/mL
MR B,

ABEA SRR YEPX (g/L): S M 20, M
BRI 10, AHE 200 FI T R AAS: 35 BLm s
1.6% M BEREHD -

IR ISR IE YEPM (g/L): E M 20,
FEREFEERY 10, 222008 20, FH T AR SR IL A
i 1.6% M B R o

LU S SR YEPG (g/L): &K 20,
FELESREY 10, 2FUME 20, T [ ARS S 3LmH
i 1.6% ISR #

1.3 BERERITRfE

1.3.1 EHRKHMBE: RIS FELNPEK
4, % GenBank (http://www.ncbi.nlm.nih.gov/)#&fIt
#) S. passalidarum NRRL Y-27907 F&[K4H ¥ 51
(GenBank: NZ_AEIK00000000) it AW i Ji il |
o-ZZ TV 1. o-Z2 2PN G 6. DL M B-2FLpH

x1. XHHRAEIEERRERN

Table 1. Main strains and plasmids used in this study

Strain or plasmid names Short names Sources
Escherchia coli IM109 E. coli IM109 Laboratory
Saccharomyces cerevisiae W303-1A S. cerevisiae Laboratory

Spathaspora passalidarum NRRL Y-27907
Candida amazonensis CBS 12363
pMD19-T simple vector

S. passalidarum
C. amazonensis
pMDI19-T simple

Louisiana State University
CBS (Centraalbureau voor Schimmelcultures)
TaKaRa Biotechnology (Dalian) Co., Ltd.

PRACTH-gfpm SpADHp-gfpm Laboratory
PRXCTH-gfpm SpXYLp-gfpm This study
PRMCTH-gfpm SpMAL6p-gfpm This study
PRM,CTH-gfpm SpMAL Ip-gfpm This study
PRG,CTH-gfpm SpGALIp-gfpm This study
PRG,,CTH-gfpm ScGALIp-gfpm This study
PRG,CTH-caFLP SpGALIp-caFLP This study
Ts-PDCL-FRT-SpGALIp-caFLP-hphm-FRT-PDCR Ts-PRFgHRP This study

http://journals.im.ac.cn/actamicrocn
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Table 2. Primers used in this study

Primers Sequences (5'—3") Restriction sites

SpXYLp-F GCCGGAAGATCTGTGACATAGTTAACTATGGC Bgl 11

SpXYLp-R ACGCGTCGACTTTATTGTATTGTG Sal 1

SpMAL6p-F GCCGGAAGATCTGAATATCAATACGTTTTAGATCACCG Bgl 11

SpMAL6p-R GCCGCACGCGTCGACATTTAAAAAGTATTTATGATTTG Sal 1

SpMAL Ip-F ATCGCGGATCCTGTGGGTATTTTTACAGCAGGATG BamH 1

SpMALIp-R CCGCACGCGTCGACATTCAACTGTTTGTTAATATATG Sal 1

SpGALIp-F TGGAAGATCTAGGGGTTGGAAGAAGAAAAAATCGG Bgl 11

SpGALIp-R ACGCGTCGACAGTAAGAATTTGATAAACTTTGCG Sal 1

ScGALIp-F CGGAAGATCTGGAAACGTTGTATTGTTGCAT Bgl 11

ScGALIp-R ACGCGTCGACTATAGTTTTTTCTCCTTGACGTT Sal 1

FLP-F GACGCGTCGACATGCCACAATTTGGTATATTATGT Sal 1

FLP-R CATAAGAATGCGGCCGCTTATATGCGTCTATTTATGTAGG Not 1

FLP-1 GTTTCGATATTGTCAATAAATCACTC

FLP-2 TCAACGAATTGCTTATGATAG

FLP-3 GAAGCCTCATTAAAGAAATTG

FLP-4 CAAAATTGTTGCTTTTTGCG

FLP-5 GAGTAATAATCCAGTGTT

FLP-6 CCAAATACTTATTTTGGAC

PDC-F ATGTCGGAAATTTCTTTAGGTAGAT

PDC-R CATCCATTCTTGGCAACATAACTTC

PDC-1 GCAAAAGGCCTGTCGGAAATTTCTTTAGGTAGAT Stu 1

PDC-2 GCACCAACAGAGAAACCAATCGGGGTACCCCGGTATGATGTAATAATAATTG Kpn1

PDC-3 CAATTATTATTACATCATACCGGGGTACCCCGATTGGTTTCTCTGTTGGTGC Kpn1

PDC-4 AAAAGGCCTCATCCATTCTTGGCAACATAACTTC Stu 1

FRT-1 CGGGGTACCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCAGGGGTTGGAA Kpnl
GAAGAAAAAATCGG

FRT-2 ATAGGGGTACCGAAGTTCCTATACTTTCTAGAGAATAGGAACTTCAACTCCTTC  Kpnl
CTTTTCGGTTAG

The underlined are restriction enzyme cutting sites.

TPRGHEEIE 1Y ORF b BR ¥ 9 EA THE LR Tt
FHBTE 15 3P B2 1200 bp A4 HIF
SNLIMRIESG S5 shid k. LA S. passalidarum A
2H DNA Jgfsitle, 43515149 SpXYLp-F/SpXYLp-R |
SpMALG6p-F/SpMALG6p-R . SpMALIp-F/SpMALIp-R
H1 SpGALIp-F/SpGALIp-R PCR " 1 AW Ji i ik
s sh 1 SpXYLp . o-2F 251 i 3% N s o 1
SpMALGp . SpMALIp . B-2FFLBHHTEESE N )5 3+
SpGALIp; LA S. cerevisiae FEFIZH DNA AR ,

actamicro@im.ac.cn

519 ScGALIp-F/ScGALIp-R PCR P Ha H: p-2f- 2,
W LN S 87 ScGALIp, ¥VI E 5 AR sh+
443 5 5 2 pMDI19-T simple 244K, PASEE =
T3 b 2 B 4 B Bk PRACTH-gfpm (fRIFRN
SpADHp-gfpm) HEAKPD), 2 Bgl 11 Al Sal 1 XUY)
Je R B Bt 4 5 5 BL B s BE & pMDI19-T
simple ZIAZAMFBFIIN 5 A shFIF 8%,

PAF 5 ANTEARFS S+ T gk 5O H R
F K 0 H 4 Fi kL Promoter-gfpm , 43 Bl v 44 K
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SpXYLp-gfpm . SpMALGp-gfpm . SpMALIp-gfpm .
SpGALIp-gfpm. ScGALIp-gfpm.
13.2 FRREHUMEEHEIELTRIE: &
2 JFTRE Promoter-gfpm 28 Stu 1 2440 )5 B PR %
1k, C. amazonensis, @%@ﬁ@%fk?ﬁ%%i?ﬁﬂzo]o
A% % (Hygromycin B) 900 -4 i v 15 21| 7%
¥ TS H R IE R Hyg SUik ikt i
TN , SIS E AL T AR 4H 1T PCR ik,
L AR T
1.3.3  ZOCBAMBERI K FHA N C. amazonensis/
Promoter-gfpm #%£#F YEPD Ki#Ek, 30 °C,
200 r/min AR FE IR 18 h RAFFN TS , WA TR IA,
FAEBRERKBERE 2 IR, ER A 20 B 4 2 Y
YEPD FIHJS 3l 7 X B i 5 35 g bk, Hoh i
T C. amazonensis/SpXYLp-gfpm 4k 2 ARWHE
S FEIL YEPX; C. amazonensis/SpMALG6p-gfpm
1 C. amazonensis/SpMALIp-gfpm %1% 232 ZF W5
FHEFREE YEPM; C. amazonensis/SpGALIp-gfpm
F1 C. amazonensis/ScGALIp-gfpm %1% E2E 7 Hs
TFHIFRIE YEPG. B KFAL IR BRI LG ODeoo TRIFAE
0.5 7247, F 30 °C. 200 r/min $55% 18-24 h )7,
WA, AR PR KBRS 2 Wk, BRI
HEWCE TR B, RSO0 B T ST i
ANMLFFAARE, BB 1=485 nm,
134 ZORMIOEETTER: 25T YEPD MIif
S 55 55 B (YEPX/YEPM/YEPG) H I SE B C.
amazonensis/Promoter-gfpm , Fil A= FRER K B 2 K,
AR MBS A BRI ODegoo TRAFIE 0.5 72
fio M H ALz E7 et F-7000 78 480 nm
WOROETNWOR , W E £ A RMTE 510 nm 2 &
SRR
1.4 FLP EHAMEERE QRE

LL S cerevisiae MR, F5I¥) FLP-F Fl

FLP-R PCR ¥ 184538 FLP JLN 751, i%8H: pMD19-T
simple Mk, ¥ LEZ A E coli IM109, K15
FHF Ts-FLP. VA Ts-FLP FBEH, 43 545 H
5% FLP-1 Ml FLP-2, FLP-3 f1 FLP-4, FLP-5
M FLP-6 254 3 % PCR & i KA,
M8 Quickchange Lightning Multi Site-Directed
Mutagenesis Kit BiBHHiE 7. (1) PCR ik FR
(25 pL): 5 pL 5xPrimeSTAR Buffer, 2 pl. dNTPs
Mixture (2.5 mmol/L each),0.3 pL £55]4)(25 umol/L),
0.5 puL FiHz(10 pg—1 ng), 0.3 pL PrimeSTAR
Polymerase (2.5 U/pL), fiIlXZ%7K % 25 pL; (2) PCR
P10 95°C 2 min; 95°C 30s, 55°C 2 min,
65 °C 2 min, 65 °C 5 min, 30 PME¥; (3) ¥ PCR
FEYIVKIE 2 min, A WNYIEE Dpn 1F 37 °C i1k
30 min; (4) FHHALIEEY PCR )T 65 °C )i
10 min PIRTENUIEG Dpn 1, ZJ5IMA E. coli
IM109 JEs2 35t e dl; (5) FEMLBRECS T4
A FFRIBUTORLIN Y, EE XTI P4t 2R, PR B 5
T
1.5 caPDC HFKTIHE

C. amazonensis NI & B ABEF FH B,
H Ak WA 2ok A JE AWy o @ X S
passalidarum FHADZAEELRER) PDC BEH 51,
RIMZA- PDC JEF ) ATG #1015 —/NELF
GNLA KRB 24 1R B 5 L+ bp b — BUF 91 3% i
HAB S RE, Wt BS54 PDC-F
M PDC-R, Lk C. amazonensis F:IR 40 R, PCR
SR AF —BL 1.7 kb A4 PDC B =4
(caPDC), i A pMDI9-T simple # ik, K15 H
KL Ts-caPDC )i, $54K E. coli IM109, HEHEH
PERAL 7, R AR TAEY) TR () IR AT PR Wl
FrIFe, il 45515k 45 caPDC BIHERF 41

P b 2 iR
RS

http://journals.im.ac.cn/actamicrocn
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1.6 PDC HEHMREL SR

L) Ts-caPDC ki hifsiti, H1514%) PDC-1/PDC-2
1 PDC-3/PDC-4 43 5] PCR ¥4 caPDC £ 5'%%
360 bp 4 F3#%51 caPDC-L F1 35 390 bp i T %
J#4 caPDC-R, FIEEZAE(f PCR 24 Ty 5115
#3345 PDC JEH[RJEE L Bt PDCL-R. PDCL-R
B4 pMD19-T simple A, FALREZE E. coli
IM109, FIE 28R 1Y LB [ AR: 7 3Lk BH
MvilE, 4N Ts-PDCLR. $2HUFk: Ts-PDCLR,
FH Kpn 1Y), 505 A5 35 FH R Bk SpGAL Ip-gfpm
Fl Ts-caFLP 43 % Sal 1 F1 Not 1 347 Y] ,
i U1 =) 2 T4 DNA % el 5 32, e fuldaz
A E. coli IM109, 3R45 1 BH 4 5 B 05 20 i 44 4
SpGALIp-caFLP. VA TE 4 Gk it , F519
FRT-1/FRT-2 ¥ Y4454 FRT 509 SpGALIp-
caFLP-hphm B, H Kpn 1 BV 4ifbf5, SH1
11 £ FH Y Ts-PDCLR % T4 DNA %8, %
RS2 E. coli IM109, & & N5 E KA LB [#
VB I BT % . S8 e RO, A4 Ts-PDCL-
FRT-SpGALIp-caFLP-hphm-FRT-PDCR  ( f& ¥}
Ts-PRFgHRP), %RV 4 #ikim T S 1EEYE
) g |0 i [) R & 40 B Bt PDCL-FRT-SpGALIp-
caFLP-hphm-FRT-PDCR (PRFgHRP)% i -

1.7 PDC ZHBIRSHERIEIRICE R (hphm)

WEZFA

Pl A PRFgHRP BEERALGSAY C. amazonensis,
U A Hyg 900 Hittk-FAk, ki3l HvEsE b+ 5
T YEPG [ B iy alifl, 30 °C K537 2-3d
&, FR R TE BRI T @ Y YEPD -
Bl Hyg 900 Hith-F-H 5%, #kH YEPD ¥4
FAEKMICHER EAAE KRR, RO
&, H5I% PDC-1/PDC-4 I FLP-F/FLP-R i1y
PCR ik, B9 F (E 6 )5 2800 5 R4S — 2P i

actamicro@im.ac.cn

1.8 PDC LI E
C. amazonensis IRYHE N PDC BEE I &
S5 CHR[21], 25 AR EE 25 S 30 i e e e o o

2 ERAAMN

2.1 FEREF ST HIE

211 BHTHAREME: DAk S
passalidarum K5I AL [ IS 3§ SpXYLp o-
A PRI 2h T SpMALG6p A1 SpMALIp | -1 3L
VEF G 8T SpGALIp, L) S. cerevisiae FeVR
B-L-FLWE T B A 8 T ScGALIp, 4y 31t iy
Jitki PRACTH-gfpm % BB U B AE RS 3l 1
SpADH1p, tH#EAFE] 5 MAFE 75 TR
Jiki Promoter-gfpm, 43 i#R A SpXYLp-gfpm .
SpMALG6p-gfpm . SpMALIp-gfpm. SpGALIp-gfpm .
ScGALIp-gfpm (Kl 1) Hert gfpm At 3L, hphm
A Hygromycin B HTHpRICHE A .

2.1.2 HBERIHTFHFEFFEREER: 20T
YEPD Flif5 555 32 5 (YEPX/YEPM/YEPG) H i
EEHMHE C. amazonensis/Promoter-gfpm, 4 Fi
HAKBER 2 W5, BORE 2O BB L, 5t
KrmeE R g os(E 2), EHE C. amazonensis/

AmpR
Promoter-gfpm

Promoter
SpGALIp

ScGALIp
Sal 1

Kpn 1

1. AREFESEFERL Promoter-gfpm = &
Figure 1. The plasmids of Promoter-gfpm with different

inducible promoters.
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YEPD

YEPX

/ . ¥

YEPD YEPM

YEPD YEPG

SCGALIp-gpm .. . | “v‘ '/

2. RAERMRENIEFTSMEEREPELER
REBRAER

Observation of GFP in recombinant strains

Figure 2.
by fluorescence microscopy under the conditions with
or without induction. YEPD: non-inducing medium,;
YEPX: xylose-containing medium for C. amazonensis/
SpXYLp-gfpm; YEPM: maltose-containing medium for
C. amazonensis/SpMALIp-gfpm and C. amazonensis/
SpMALG6p-gfpm; YEPG: galactose-containing medium for
C. amazonensis/SpGALIp-gfpm and C. amazonensis/
ScGALIp-gfpm.

SpXYLp-gfpm 1 C. amazonensis/SpMAL6p-gfpm 1t
YEPD Flif5 i #2431 /& YEPX Al YEPM) 18
WL T ESOCE A NA SRS, BT R
¥ YEPD (2SR, B S. passalidarum
SRR B AHE I S 5L P IS B+ SpXYL1p F a2 2
Wil S 8 F SpMALG6p 1E C. amazonensis W42
AR, 1B SpXYL1p Fl SpMALGp 5L A%17 T A
B, TELUHAR AR R S s P T —E 1Y
FembFRik; HAHR C. amazonensis/ScGAL Ip-gfpm Jo

WTE YEPD $57JEiA ¢ YEPG 35 FR St th R
WAL BN o (Y F =4, AT UL S, cerevisiae >k
W B-F LB AT B A5 30 7 ScGALIp 1E C.
amazonensis IFANREARATHHINGE; EHR
C. amazonensis/SpMALIp-gfpm 1 C. amazonensis/
SpGALIp-gfpm £ YEPD HRWEZLH| 4 (50 E
[, {A4> %178 YEPM il YEPG H W] @ 5081 T 4%
OYOEEN GFP WRIE, B3l T2IRY S5
F, RUBANESERS T, HbhEAR C
amazonensis/SpMALIp-gfpm 1£ YEPM | 2% Y658 &
BE5, ANEHE C. amazonensis/SpGALIp-gfpm
T£ YEPG | HY%IEsiZ . ik, MIET SpMALIp,
JERRE SRR ST SpGALIp HUES TR C
amazonensis ' 5 JREE I RIE

TEDCE RS, ST B F AL R e A R
BFRAIF TR GFP ZOLIRE . 1l 3 P, AT
FEAM N EAW C. amazonensis/SpXYL1p-gfpm 1 C.
amazonensis/SpMAL6p-gfpm B GFP 2¢ (55 i Y50
e T HAE YEPD fyztam)i, (HiX 2 #RE 41

10

mm YEPD
3 YEPX/M/G

Intensity of GFP in recombinant strains

] .

0 . . i
© 19 69 19 10 19
QI g AL AL oA oA

Strains

3. EHEM GFP RABEEZNE
Figure 3. Quantification of GFP fluorescence intensity

in recombinant strains.

http://journals.im.ac.cn/actamicrocn
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1E YEPD H{I3SR A 858 1Y GFP 2 nd i, i —
BRI TR TR EA — & & 1IR3k

FEAE™ &R RS B F . HAW C. amazonensis/
ScGALIp-gfpm Jo1E7E YEPD i zglﬁgfi*%ﬁﬂlﬂi’j
WA B T AR R DR, #E— 20N
T ScGALIp Jash 17 C. amazonensis ':F'E"Jﬁiﬁﬁﬁ
P, BHHE C. amazonensis/SpMALIp-gfpm Fl C.
amazonensis/SpGALIp-gfpm TE YEPD it JL-F-#5:l]
B GFP 2GR, S AER C. amazonensis —ﬁ(,
MAEE SR T 80 GFP &t g, Jrlt

C. amazonensis/SpGALIp-gfpm, iHH SpMALIp Fl

X5 A 2O MR SR 45 SR e e — 3. T2k
BRI R FR S8 R R Lk FE 2L S A
SpGALIp J.
2.2 FLP BEHFGEREE SR

FLP B AL 4K 1272 bp, 20 HIHESS
265. 631 bp b5 CTG (Ser)ZE M1, FH R
H TTG (Leu)o M4 745 KPR LM LT,
RAF G W B B 4 A caFLP, H: CDS 8N 4
7N
2.3 caPDC HEE IR
L2 AR, S 8

202,

LI C. amazonensis

SpGALIp BEh T2 IEYES B, HIEHEMS WS —B 1.7kb i) PCR P=¥ (18 5), XFECM,
PRI LA shis k2 msmis S R8UG s 7, BiZFHET NCBI s P b r b xt, 45%k
1 ATGCCACAAT TTGGTATATT ATGTAAAACA CCACCTAAGG TGCTTGTTCG TCAGTTTGTG
61 GAAAGGTTTG AAAGACCTTC AGGTGAGAAA ATAGCATTAT GTGCTGCTGA ACTAACCTAT
121 TTATGTTGGA TGATTACACA TAACGGAACA GCAATCAAGA GAGCCACATT CATGAGCTAT
181 AATACTATCA TAAGCAATTC GE:EAGTTTC GATATTGTCA ATAAATCACT CCAGTTTAAA
241 TACAAGACGC AAAAAGCAAC AATTGAA GCCTCATTAA AGAAATTGAT TCCTGCTTGG
301 GAATTTACAA TTATTCCTTA CTATGGACAA AAACATCAAT CTGATATCAC TGATATTGTA
361 AGTAGTTTGC AATTACAGTT CGAATCATCG GAAGAAGCAG ATAAGGGAAA TAGCCACAGT
421 AAAAAAATGC TTAAAGCACT TCTAAGTGAG GGTGAAAGCA TCTGGGAGAT CACTGAGAAA
481 ATACTAAATT CGTTTGAGTA TACTTCGAGA TTTACAAAAA CAAAAACTTT ATACCAATTC
541 CTCTTCCTAG CTACTTTCAT CAATTGTGGA AGATTCAGCG ATATTAAGAA CGTTGATCCG
601 AAATCATTTA AATTAGTCCA AAATAAGTAT GGAGTAA TAATCCAGTG TTTAGTGACA
661 GAGACAAAGA CAAGCGTTAG TAGGCACATA TACTTCTTTA GCGCAAGGGG TAGGATCGAT
721 CCACTTGTAT ATTTGGATGA ATTTTTGAGG AATTCTGAAC CAGTCCTAAA ACGAGTAAAT
781 AGGACCGGCA ATTCTTCAAG CAATAAACAG GAATACCAAT TATTAAAAGA TAACTTAGTC
841 AGATCGTACA ATAAAGCTTT GAAGAAAAAT GCGCCTTATT CAATCTTTGC TATAAAAAAT
901 GGCCCAAAAT CTCACATTGG AAGACATTTG ATGACCTCAT TTCTTTCAAT GAAGGGCCTA
961 ACGGAGTTGA CTAATGTTGT GGGAAATTGG AGCGATAAGC GTGCTTCTGC CGTGGCCAGG
1021 ACAACGTATA CTCATCAGAT AACAGCAATA CCTGATCACT ACTTCGCACT AGTTTCTCGG
1081 TACTATGCAT ATGATCCAAT ATCAAAGGAA ATGATAGCAT TGAAGGATGA GACTAATCCA
1141 ATTGAGGAGT GGCAGCATAT AGAACAGCTA AAGGGTAGTG CTGAAGGAAG CATACGATAC
1201 CCCGCATGGA ATGGGATAAT ATCACAGGAG GTACTAGACT ACCTTTCATC CTACATAAAT

1261 AGACGCATAT AA
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4.

EERTIFH FLP £ & CDS F7
Figure 4. The CDS sequence of FLP gene after site-specific mutagenesis. TTG: the mutated codon.
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11.5 —

5.0 —
2.8 —
1.7 —

5. caPDC E[E ) PCR 74

Figure 5. PCR products of the PDC gene in C.
amazonensis. M: A DNA/Pst 1 marker; lane 1-4: The
PCR products of the PDC gene in C. amazonensis.

B caPDC 5 S. passalidarum F1 Candida dubliniensis
S5 B 1) T ) 2 0 2 il IR 91 g — B A B
80%, HE—AUEMZ =R N C. amazonensis
F14) A3 Tl 2 PR e 1A
2.4 PDCHREFHRETEHIME

My e [R5 8 20 okl Ts-PRFgHRP (& 6), &
Kpn VHAREY) IS , BERCHL UK /R AAAE 3.4 kb F1 4.6 kb
2 %% DNA ¥, 43315 PDCL-Ts-PDCR i BEAlI
FRT-SpGALIp-FLP-hphm-FRT i B R/I—3 (& 7);

Kpnl _ sp1

hphm

Ts-PRFgHRP

8102 bp

BamH 1
Stu 1

Kpn'1

SpGALIp

B 6. FELHHL Ts-PRFgHRP 7R E &

Figure 6. The recombinant plasmid of Ts-PRFgHRP.

7. FELAFRHL Ts-PRFgHRP A 1]58F

Figure 7. The enzymatic digestion of Ts-PRFgHRP.
M: DL 15000 DNA marker; lane 1: recombinant
plasmid Ts-PRFgHRP digested by Kpn I; lane 2:
recombinant plasmid Ts-PRFgHRP digested by Kpn 1
and BamH I; lane 3: recombinant plasmid Ts-PRFgHRP
digested by Stu 1.

X 4 Bk Ts-PRFgHRP #E— 64T Kpn 1 Fl
BamH 1 XYIf5, 135 3.4 kb, 2.8 kb fl 1.8 kb
) 3 % DNA #f7, 5Tl PDCL-Ts-PDCR .
FRT-SpGALIp-caFLP 1 hphm-FRT Bt RK/hN—3%
(1 7)o S5 R E LR 5 & PRFgHRP A4 A2
2.5 PDC RERWERS hphm PitkrricZ R K
IR

5 JE [H 4 & PRFgHRP (DNA 2546718 2 4
l 8-A Flr )i Ak A BY A= UL C. amazonensis 1,
WA Hyg 900 Ut P, #4540 B B 75 e e ks
7%, FEEH 1A DNA fEAARETT PCR 55E,
450 E 9 Bk, H514%) PDC-1/PDC-4 4738, 3k
7% 5.4 kb ) DNA 547, WP R KA
PRFgHRP F By dl5e4—3. mRiawEtk C.
amazonensis 1) PCR 2554 1.7 kb 1y PDC FE R &
i, WA —2 5149 FLP-F/FLP-R #£17 PCR %
IE, 4% 1.3 kb A FLP 3L 447, Hik, ]
DL JE K B &2 PRFgHRP CE#f% &3 Y (0,
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A) S FRT  1.2kb FRT N
RN B = 1.3 kb 03 kb 1.8 kb A4k
| caFLP = Hpt LTSI e
. ~_ SpGALIp ' Cyclt '
\PDCL ">~ _ -~~~ PDCR,
YSSeaL 1.7 kb -
aN PDC }= i C. amazonensis
PDC-1 —> |

K
B) S FRT ~ 12kb 1
4k B g:{} 1.3 kb
' FLP
SpGALI ' L
PDCI? P p

PDC-1 —

© o Kok
4K

0.4k

FRT K

S
e 1.8 kb A4k

= Hpt CaPDCO1
Cyclt PDCR

<« PDC-4

S
CaPDC02

PDCL PDCR
~— PDC-4

8. PDC EARFRIER

Figure 8.

Disruption of the PDC gene in C. amazonensis. CaPDCO1: C. amazonensis PDC01; CaPDCO02: C.

amazonensis PDC02; S: restriction site of Stu I; K: restriction site of Kpn I; B: restriction site of BamH 1.

K PDC JEAAL AL, BRGS0 i B R 45 44 4 5]
8-B li/N , iz b T4 M C. amazonensis PDCO1 .,
ks PDC 5RASFRN Y hphm BUrERRIC3E B,
B 53525 /) C. amazonensis PDCO1 X £ F & 23
WY YEPG ~F-Hr b 1753 g alifk, BiaeBute,
F A BB I 4 AR T @ ) YEPD PRI
T Hyg 900 ByFirEFHr bR, Pork E ok A
hphm FRic 3 g% DIBR T JCik R Pk~ p AR K
(| 10), [Hit, BEEC YEPD SEi bA: Kbt
EARAEKMREE, BB REE, 51
FLP-F/FLP-R #1171 PCR ¥ ¥, 45 KB 4415
HIL(E 9); FI5I# PDC-1/PDC-4 #17 PCR "1
PG —B 0.8 kb AR5 (B] 9), %4 DNA WIJF
Iy M H -y PDCL-FRT-PDCR FyBEF%1, 10
i A\ PDC KN ALE Y caFLP T4 BRI IEAR O 3
hphm © SIAFRNDIER o XFiZ b Bk o€ 48 b fi
%N C. amazonensis PDC02,,
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kb M 1 2 3 4 5

15.00 —
5.00 —
2.50 —

1.00 —

0.25 —

9. PDC LT ¥ C. amazonensis PDCO1 F1 C.
amazonens zis PDC02 #J PCR % iiF

Figure 9. Identification of the PDC mutants by PCR.
M: DL 15000 DNA marker; lane 1: PCR product using
primers PDC-1/PDC-4 of wild type; lane 2: PCR
product using primers PDC-1/PDC-4 of C. amazonensis
PDCO1; lane 3: PCR product using primers PDC-1/PDC-4
of C. amazonensis PDCO02; lane 4: PCR product using
primers FLP-F/FLP-R of C. amazonensis PDCO1; lane 5:
PCR product wusing primers FLP-F/FLP-R of C.
amazonensis PDC02.
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B 10. [RISE 4k C. amazonensis CBS 12363 & PDC
RXBAPETE Hyg 900 4R kB9 KR
Figure 10. Growth of the parental strain (wild-type)
and PDC mutants onYEPD plates with 900 pg/mL
Hygromycin B. W: wild type; 01: C. amazonensis
PDCO1; 02: C. amazonensis PDC02.

2.6 PDCEFHRKMINFELE

N T 2% 5& PDC SEH B 2 6 58 A8 bk v i )
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& 04 I
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}: 03F T

= .
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2 o01f

Wild type CaPDC02
Strains

B 1. FHEEHKKE PDCEFRRIEA PDC LLEEE 247
Figure 11. The specific enzyme activity of PDC in

wild strain and PDC mutant. CaPDCO02: C. amazonensis
PDCO02.
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Development and verification of an FLP/FRT system for gene
deletion in Candida amazonensis

Zhi Gao, Liang Zhang , Youran Li, Zhenghua Gu, Zhongyang Ding, Guiyang Shi

National Engineering Laboratory for Cereal Fermentation Technology, Key Laboratory of Industrial Biotechnology of Ministry of
Education, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] To develop an FLP/FRT system for gene disruption in Candida amazonensis that can
repeatedly use a single selectable marker, and to verify the effectiveness of this system by deleting the PDC gene
encoding pyruvate decarboxylase. [Methods] Four promoters (SpXYLp, SpMALG6p, SpMALIp and SpGALIp) from
Spathaspora passalidarum and ScGAL Ip promoter from Saccharomyces cerevisiae were amplified and fused to the
reporter gene of green fluorescent protein (gfpm) to study the regulation under corresponding inducible conditions.
A strictly inducible promoter was selected to control the expression of the C. amazonensis-adapted FLP gene
(caFLP), encoding the site-specific recombinase FLP. The promoter-caFLP fusion fragment was used to ligated
with the hphm marker gene that conferred resistance to Hygromycin B, and the ligation product was flanked by
direct repeats of the FLP recognition target (FR7). Then with the addition of the homologous arms, we constructed
the PDC deletion cassette (PRFgHRP). The cassette was transformed into C. amazonensis CBS 12363 and
transformants with #Aphm were derived. When the transformants were incubated into inducible medium,
FLP-mediated recombination resulted in the deletion of DNA located between the repeats. [Results] SpMALIp
(induced by maltose) and SpGALIp (induced by galactose) were identified to be strictly inducible promoters.
SpGALIp was used to regulate the expression of the FLP, and the PDC deletion cassette (PRFgHRP) was
constructed and transformed into C. amazonensis successfully. After selection of Hyg-resistant transformant
(designated as C. amazonensis PDCO1) in which the deletion cassette was inserted into the PDC target gene, FLP
expression was induced by growth of the transformant in galactose-containing medium, and Hyg-sensitive
transformant in which Aphm and caFLP flippers were excised from the genome was obtained, designated as C.
amazonensis PDC02. [Conclusion] It is the first time to construct an FLP/FRT system for gene disruption in C.
amazonensis, and we obtained a PDC mutant without resistant marker gene successfully through this system. These

research results lay a good foundation for further metabolic engineering of C. amazonensis.

Keywords: Candida amazonensis, FLP/FRT, inducible promoters, gene disruption
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