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Abstract: In order to study the expression and the activity of inositol phosphorylceramide synthase (BcAURI1 gene) in
Botrytis cinerea, we amplified BcAURI by RT-PCR from Botrytis cinerea, using the special primers with FLAG and
BamH 1 /Xho 1 restriction sites. Recombinant pYES2-BcAURI was constructed to transform into Saccharomyces cerevisae
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Ayorl by LiAC. The expression of inositol phosphorylceramide (IPC) synthase and its activity were detected by Western

blotting and HPLC, respectively. The results show that pYES2-BcAURI could express in uracil mutant Ayorl of

Saccharomyces cerevisae. IPC synthase enzyme activity of pYES2-BcAURI transformants significantly increased and was

approximately double than no-load BcAURI transformants. The low concentration of Aureobasidin A could inhibit growth

of no-load BcAURI transformants, but pYES2-BcAURI transformants could resist fungal growth inhibition which was

induced by Aureobasidin A.

Keywords: pYES2 shuttle plasmid, Botrytis cinerea, inositol phosphorylceramide (IPC) synthase, Aureobasidin A , enzyme

activity
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AR A . Al SRR B ARG BRI R
S Bz AR e A 2 EE M E S T
AR E AR, A A AR A RO [ Y A
Yy ohfigl =,

UTAEARARAE T BE S FLI | A S AL R I
O BRUBEE IR I 22 BE R (IPC) & B , i
JEHE IR A B SR BERERY TPC A
H1 AURT FEN Gt , IR I LB 1 1B 22 e B
ot i B 2 B B Candida
glabrata, WiFARLZLEER: Candida krusei . i1V
B 22 1+; Candida parapsilosis . i (R 22 Btk
Candidatropicalis FIHTTIFRERE, —Loihia g2
IREFE RN Aspergillus fumigatus . ) 5 HH 5
Aspergillus nidulans ., M85 Aspergillus niger
Kihd Aspergillus oryzae, V) SEI0 458 Wtk
Schizosaccharomyces pombe W17 B15%] AURI 2
RIS, XS B PR IR, BA IPClp I
PR ) 3R [ S A e, DR IZ R ) it A DR
MU AURT ek TR BB K A B BA
KEEVER, Btz 1PC A Bl r I B: AN BE A
B B AR IR AT, T H 3 B0pf 28 Mot e 1 AR

Candida albicans .

LU0 b 2 B R AW A A K, IR i PR
140 R s R A T SRR IPC A
S T 2 D 2 AR R TG T 1 SRR R
A (Aureobasidin A, AbA) & IPC & il 158 51
s, EEH AbA AFESY B IPC & AL
[R]85 Jo00 1) 37 5 B0 400 b 22 B A 2 A L A 4
P A BRAE AR RS, BRI
FI A, 4 b 2F 7 SR EAE , A0 B A LT
JUT B R R, IR PR BIR, F3L
AMLTAYB I, RAAIET- T AT
ok A B R 7 A AT L A T T Aot 42 1k e 45 L
3K (BcAURID) 1) T 4 %8 # i B pYES2-
BcAURI, FEAVERI I BEIR WS BE S48 R bk Ayorl
SR 5 0 7 A TR LA I Tt Ao 420 T fre 5
(R38BT B 24 5 JEAil

1 #RET %
1.1 E#R5 K

R %) FEL T R T TR S A0 5 AR B R
B2l e s s s Sttt , K DHSo A
SCGERATE, BRI EER: Saccharomyces cerevisiae
PRUEBESE R BR Ayorl J pYES2 ZEHREH AN B
Invitrogen 23 #) o
1.2 FERFRERE

BRHER (Amp) WA LR T AEY TREA
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PR 2> 7], RT-PCR 05 & BR N VIl BamH T
Xho 1 W TaKaRa 4], ECL LA &
(RPN2132) IJF Amersham Biosciences /A F],
AbA . Tris . CHAPS . Ce¢-NBD-Cer (6-[N-
(7-nitro-2,1,3-benzoxadiazol-4-yl) amino]-hexanoyl
ceramide, HFFOCHRICHYIEY)) . PL (BEARHENLES) |
2 (CH;COOH) K [nTSr 511 & 44 Wy b 5
A B ARA IRSTEA F], FLAG Fr%E—
i, ZHNEBZRAE o

BIRBPAIESRIE SC-U: KEIEM IR RS
(FIIRE) 6.7 g, Hi%WE 20 g, BlEk 20 g, &

x1 XHAETHRAISIY

Table 1 Primers used in this study

FRHEIRAY 2 ¢, NZKE 1000 mL, 0.1 MPa,
121 °C, WHKIA 20 min,

WAL AR A 6.7 g, F
FLBE 20 g, BIEK 20 g, EFHRBEIRSY 2 g,
Jnzk % 1000 mL, 0.1 MPa, 121 'C, JR2HCKH
20 min,

1.3 5|4t

MR I #2760 1% AURI # cDNA JF 5135314
WA FLAG #R2Z M58, JEFE F smfmA
BamH 1 BV A5, 7E R SHHNA Xho 1 BEHIAL 15
FIMHAEREER G (& 1),

Primer name

Sequences (5'-3")

Restriction enzyme

Forward

Reverse

GCGGATCCATGAAGACGGGAGCGGCTACCCT
CGCTCGAGTCACTTGTCATCGTCATCTTTGTAGTCCCTAACAATGACCTC Xho 1

BamH [

The single underlined sequences indicate restriction enzyme site; the double underlined sequences indicate flag-tag.

1.4 RT-PCR

P S PR UK H A TR S RNA (RNA 2
WOk &, ShE B BAEMEAREARTIEAAH),
2558 A3 N B T R L K 45 T 0 P R Uk
5, E-80 C#H. HU 1 uL 4ifk mRNA A,
Fie R SR A £ (TaKaRa A A9 RT-PCR 5
&) BB TEA L cDNA. AL ES[HH
PR DNA A5 FXT K %G 8 AURI ) cDNA
FPA#EAT PCR 71, SO 5600 94 CHiAZ M
3min; 94 CAEME 30s, 64 ‘CiEk 30s, 72 ‘CHE
fifi 1 min, 3£ 35 4MEF; 72 ‘CHEAH 10 min, PCR
) (AURL ) IR mIoGR kA ratift . [ml
W, BRSO S pMDIS-T ik |, SEA7I %
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1.5 FHFHFRHK pYES2-BcAURI BIHiE

BcAURI 1 pYES2 AR5 3I7E 37 CHRAMFT
H BamH 1 Fl Xho 1 X EFYI 4 h, [N H M F B
BcAURI F1 pYES2 [l T4 DNA 42075 16 Cik
Pl e, AR AR UL 1. pYES2-BcAURI
AL KA DHSa, PRHUCBEETE (RFifE) ¥
2, SRR TR, SRl PCR 17k
BSUE, K PR FRE BRI pYES2-BcAURI Tkt
R, Z96UF BcAURI A 5875

1.6 BREREFHUEBERIFSRIE

T EELT 1 pYES2-BeAURT #AA FH I i i 1)
HALERTE I RE Ayorl, 7EEFRERFG SC-U K5t
AT, @it PCR RG] B 7 B BAIE
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@BamH [ Xho 1
| |

cDNA of Botrytis cinerea

— .
CYCITT BcAURI
pUC ori
SnaB 1 Aol T Amplified with
PYES?2 & primers F, R
5856 bp Amp
FLAG
BcAUR
Clal BamH 1 Xho 1

Nhe | I

Apa Digested with BamH |

- and Xho 1 W,
Y

Ligation
Xho 1

Agl 1

PYES2-BcAURI

6 843 bp

1 pYES2-BcAURI #H{KkH3E & it
Fig. 1 Map of construction of pYES2-BcAURI vector. BcAURI’ indicates BcAUR1 with FLAG-tag.

PREATERE % 20 mL SC-U Bi353krp, 30 CHR M4 ODgoo THHEF 0.4, 58 )5 30 CHRZ M H 12 h,
7 E 30 h, B 5 mL #£4 mRNA, {fi}{] RT-PCR B, BRI TRRE SR TIES 12h,
KA & (TaKaRa A ) FLIEMGIH F. ZI0549) Fik HIWEER
R #£47 PCR A, EBHFEAL G M mERE T LLOE & 1.7 Sk AgI2ER
sk o BRI R OB L LI, SR 28 Burke %7 AT, BUS mL BRI
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TE 4 ‘CF 1500xg .0 5 min, 5 3% . FH 500 pL
TH/KERAIME, B0, 7 10 TR AR
SIS, SRS 100 000xg L
Lh, 7¢ b3, UUGERAORAE M.
1.8 Western blotting 4347

%M Mersich 1 Jungbauer 1975 U AT
Y AL A% R U A E 0 A G v b, R EAT
SDS-PAGE HiVk, #48 H BT LR IR IR L 4E R
Wb, BT 1%V E A gD, SR
P 2 ot 35t DAL IR 1 9% R W Ry 28 o s
e —PLZ b, SR FEEHESh 1 h; Vel 4
e, K AFH 1% BRE Ry 22 vh i s B 1) —
i, SR FEERES 1 h; PR 4 s, T
YO TR TE . ECL i &7
1.9 IPC &REEIEMERTNE

IPC & LS P A 5 2 B8 Zhong 21T
JrEEAT, LI 50 mmol/L Tris-HCI (pH 7.0).
10 mmol/L EDTA, 150 mmol/L NaCl, 10% H i
1 2 mmol/L CHAPS Mt il Jii S i 28 i 5 [1] S g
G W P I AW Y Ce-NBD-Cer 1 PI,
Cs-NBD-Cer FJZEJE K 0.1 mmol/L, PI ZLkJE
2 mmol/L, Hz J5 il A Ok A 28 3k B R
0.1 mg/mL, KM IEA 50 uL & T 30 ‘C/KBH
30 min, A 10% 1 CPRZ IR . 1 000xg 2
>3 min, HX 10 uL #£47 HPLC, fAiEs&fF: Cis
(4 2 1) €5 3% A (25 emx4.6 mm), LK
Aex=465 nm, Aey=530 nm, ik 1 mL/min, Ve
BbJE 50% CH;CN-50% H,0 (0.1% CH;COOH)
#) 90% CH;CN-10% H,0 (0.1% CH;COOH),
SRJEH 100% CH3CN AL 10 min, PATEOGIEY)
Ce-NBD-Cer 1w S308 AR O B I [H] (26 min)
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XF R, B E ) IPC BYOR BRI 17 min, ARG
A= B TPC AP~ AT TPC 5 S 17 o
1.10 AbA HU%EYHEN

2538, pYES2 Wbk b1 F1 pYES2-BcAURI
FEREEEAL T, TE AbA MR J35IJ2 0.002, 0.005,
0.02. 0.05. 0.2 Fl 0.5 pg/mL MWIESIEFHRE
30 CHiFE 4d, WESRVE A KAFHLIEEAH

2 HR544
2.1 AURI ERABREMFRFEGEEE
MR 6 B PR LR RNA, ) F55% cDNA
J&, FIF&A FLAG #& L BamH 1 | Xho 1
R UIAL R AURT % 55109 1 BcAURIL A
73] 1 000 bp ZEA7 I HLIK A, 2454 5 AURI
HEHEKN—2 (E 2), HW&H %3] pMD18-T
AR, AT . URPLs R, KA
AURI (BcAURI) 17 cDNA J¥%5 GenBank )%
GILLACA 3 AMIE R A28k, HETR FEE
FRICAS . RHIZIMLE TPC A UBEE N 1 135 4>
KRR, o 117~231 (A% FF R IF 51 K 115 bp

1 000 bp

2 AURI BEREBHEBER
Fig. 2 Amplification of the gene AURI. M: DNA
marker. 1-2: BcAURI.
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N E T, IPC & UL K i 339 R LR o
1 BcAURI JEH 55 W 5okL pYES2 HA4L, 133
PYES2-BcAURI %54k, DH50., PRHUHYE 0 B bk,
$EHL pYES2-BcAURI Fiki AT T . 40 E
BcAURI AR5, I FHBSR R AL R E 4
kS A BRI BF Ayorl T, 28Rl bE
e, PRHCR RIS PCR FIRYI S ,
55 3 4~ pYES2-BcAURI BEtFEEAL T,

2.2 pYES2-BcAURI iF B RiEF Western
blotting £ &

2333 pYES2 MEbLEALT M 3 4> pYES2-
BcAURI WAL TR FUBE R IR 0 BT
#ik, RT-PCR 45 R W24 pYES2 FERE b1
ANZiKk, 3 4 pYES2-BcAURI WitkibAb 1394
BcAURI B FRIA, U BcAURI FHEHAE G sfoK
3235, Western blotting il 25 5l & 7R 25

B 0.005
C0.02
D 0.05
E0.2

FO0.5

4 TEAR[F ABA KE TEEEILTFRIEKRIFER

pYES2 [ B: 5% fk ¥ KN £ 35 BcAURL 4 H
(AURIp), Tfi 3 4> pYES2-BcAURI W BFEALTA7
BcAURI HE KA, 3 H BcAURIL H AR
ey, NPT RE A>T/ N R AR B AURID,
IR R EME R AURLp (B 3).
2.3 AbA WEAE KA F N

7S # pYES2 BB AL+ 1 3 4~ pYES2-
BcAURI FEBEGACT, TEANIR] AbA YR BE 11521
FdE B (8 4), 24 AbA A3 0.05 pg/mL,

1 2 3 4
Modified AUR1p
Unmodified AUR1p

& 3 % {LT 8 Western blotting 77

Fig.3 Western blotting analysis of the transformants. 1:
the yeast transformant without BcAURI. 2—4: the yeast
transformants 1, 2, 3 with pYES2-BcAURI.

Fig. 4 The growing state of the yeast transformants under different concentrations of AbA. A—F: the different
concetrtion of AbA 0.002, 0.005, 0.02, 0.05, 0.2, 0.5 pg/mL respectively. 1-2: the yeast transformants without BcAURI.
3—4: the yeast transformants 1 with pYES2-BcAURI. 5—-6: the yeast transformants 2 with pYES2-BcAURI. 7-8: the

yeast transformants 3 with pYES2-BcAURI.

cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech January 25,2013 Vol.29 No.l

2 pYES2 BERE AL A e 2B K 1 34> pYES2-
BcAURI FERFFALF IR ER . 2 AbA WREE R
0.2 ug/mL i}, HA pYES2-BcAURI BELEE:ALT
3 gk K, pYES2-BcAURI FEtE#EALT 1 i 2
AR XA RV AbA ¥E R 0.05 pg/mL
AN EEREA K . 34> pYES2-BeAURI FEtE4 4k
T AbA PiPEE T2 8 pYES2 Bk 7, Jf:
H pYES2-BcAURI FEREALT 3 BUE R , X J2
TR AR AURL JERAERE P FRA S
T X AbA HEBL.
2.4 IPC & REREMENE

PL Ce-NBD-Cer (%2VGCHIIRY)) H1 PI (BEARMEE

#*2 IPC FREEEMENE
Table 2 Determination of IPC synthase activity

WLEE) MY, IMASERIAR (F IPC & %E), H
R ARZ T 2GSRI 2O ) IPC By &,
AR IPC g AR IPC & UG
F1. WFIEZSH pYES2 BB L TR 3 A
pYES2-BcAURI T BEE AL+ 1Y IPC & BURE S M
FH 3 4~ pYES2-BcAURI FEEEE: 4L IPC &%,
B v TS 8 pYES2 BE ML T (£ 2), iE
SCT R F MR AURD JEINAE B Rk,

pYES2-BcAURI FERFFAL Y 3 BTG PERS ., B
1) AbA PPk, X5 FiR pYES2-BcAURI
BERE AL T 3 TEA0 TS AbA MR T AP RE AR K 45 31
—

tr:;lzio};ler?;rtlts The yeast transformants The yeast transformants The yeast transformants
without BeAURI 1 with pYES2-BcAURI 2 with pYES2-BcAURI 3 with pYES2-BcAURI
Activity of IPC 0.892 1.500 1.880 2.444

synthase (nmol/(min-mg))

3 Wik

JUUKE W i 15t 1 22 Bk B (IPC) 5 1l Tl A
B U — RN, R 2 B A
T R B AL 2 JC VAR 0 i T P 22 I P, 7 b i
b WUBE B R It b 22 Bk R iF— 0 T8 U BRI o
XUz 25 2R A T R A A AR
TS ok, TSR, BRI IPC A &
M 401 DA MM B KEH (AURLp 5
IPClp), A5 JLABE s A 2 /0 — AN S b 7
AP AL R A B B TPC A AT 5
P BE ARG s R I 1), i 1
IPC & B HIRFTR L, ARS8 AL BRI i

http://journals.im.ac.cn/cjben

A T KA A E AURI N (BcAURI) F
IPClp., Western blotting J3H74% 5% i 7~ JK 4 % £
Y IPClp A P&, X Al g i T IPC 4 Ui
WAL B AT, R 40 BRI A A A [
A, A AURLp SN Tl REiopiEqL, 1
NG R H R Y AUR Lp 8 R LI

AbA JE—FIR LIRS AE B, X B 22w
Candida albicans . HiRIFREKE Cryptococcus
neoformans . W2 Aspergillus %595 7 E 7 # A 1R
SRR EAVERY, AbA A E AR AT g2k
PR, 0 IPC & BRIV, Tk 2t
e ) FTUARE 26 S T A4 26 Pk e 1) 5 BUSZ BHL, - 50 ol
ERYI BTG AR, A A WL, 3 Al
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ANML P B IEIEE R AR ABA JEH
B IPC & U Y 3E 5 4 PR A ), AbA T 368 5 17
il IPC A I ] LR A KUY AT S5tk
ST AbA BRI AR, IRV AbA BED
Hla 8 pYES2 EefbiE kT, {HAFNT pYES2-
BcAURI EREEEAL TR K, JF HREREEEAL T
SRS T T a8 pYES2 BEREEAIL T, ik
B IPC A BB 2 225 BEAS HETH PRI ) AbA 11
YEF o X2 T I 300 A vk BE AN AR, 3 Tt v
71, W T IERT RS, B AR RNz
S o pYES2-BcAURI FEREEALT 3 76 AbA WRJE
T3 8k pYES2 BB LT 4 fEmHRe AR, T
ELEHE JIHE 3 MR e, i —BESE T IPC
A GBS TN REHRT AbA X L AR K A I

AR GE AE BB v ) 238 T 0 A 4 9 T UL
WEBENRTE M 2 BhRE & B, JEEXT AbA SEMA A
PR A KBRS AT T 0I5 50T, Ttk —25
T 5 0 7 7 16 TR VLI ol g Tt Ao 420 I e 5 B PR 245
MEIREEA T EE M E X,
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XN RIAREEZR A XS /KSR I g Jir L T A 410 1)
YEHI[D]. rifit: iz, 2010.

(R3Coi9 BRI

REOREODOREODOREDREODR LR LR LR EIREIMREIREODIMREIREIREDIREDIREDIREDIREDREDREDREDR DR LR LR

EEGINIEE S IOCER H R, s WA S0 3 il pe i R

(4 IR 5IR) FHEHSTFER

1 DR . AR AW, Jrik. SRS (RS HS), HEY (Purpose):

Jik (Methods): = S PEHH/ES 1) F 5 T

Ve fe R I 715 o BOAIPESCEREANTE 22, WA rE . R B2 &AL . 458 (Results): A3
JERFHAYEER (LEAE RN, 4518 (Conclusions): ANRILRBITE, BI5AASCHRIH ZAL, KOCTEAERS
WP BT 5 WA BLHIERTTE , AT REHR KA SCAT A RS TS 14 107 T 61 A0 FH 1 DL sl v PRI 5
2. AR ARIRIRNAR AR ACKHIFR KRS, JHEERES S A S TR,

3. SESCH B B SESCH B N AN OO B R SR E TR SR E e
G5 WA SRS HL MV IR YL S T S A S PR [ 4R . FLANAT & BOR Y, B2 B Rl LIGA
T, AT R A
(1) BB —AFK, RS = AFRAgshifi s,

() EBUHENEL, $EifSRBHPEMITE AN, XA LI 2 KA, RIOR A S
(3) REEMHIE MR ZRAY ), BERARIAY )T TR IR I SO T A %

(4) FHEN SRS 2, TRIRIER, AT

(5) ME MRS, BRI AN AIE) (W DNA, ATP %5), siEBISORARw <, mH
LW A ARV S, I BAES— U BN 25 25

(6) TEFLIEME R, ANEEAUEMT T F4F, SR fi%5 . B,

(7) FTHTT KAk B AN AR
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