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HEXEREEEKRFSTE creA EERK
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T ® wEP

x| R

wELL Bk

P RERFEBAFHARAFR, XX 430070

HE R4 0T MG R 5 0 R B 8 KR 35 8 (Penicillium italicum) WA F CreA I 88, 7k
B R FHF T creA B, PicreA EH 2K 1236 bp, TN & F,PiCreA AW 411 MEEMRANR, 5FH 2 4
RS T LB [ AR R SE M SR . RE AL M R L PiCreA B A5 ¥ B 5 5 (Penicillium ex pansum ) 35 % 1k

o SRFAZEOEE I PCR ik BB PicreA K& PRTHIX R [l U5 175 5 B A5 S [R] ) 2 35 A i

X T HRE — f A S

P[] P 75 3 A B0 A o A B T D) S A0 A B D R WO Picre A S BLSETT B L TR B I A T
PicreA B [ 3 AN 5 1M A6 2540 6 8% A IR BE P L PicreA BN EMEA T BB U A 2 5 Ak 7. 3t Tk
B B £ AN B IR LB PicreA ZEABSFRUE M R RIBIRE . PicreA ZEREBA B IRFH &R YA S 12

XER HE; BRAEE;
HESSES S436.661.179: Q786

R4 SR I 9 5 7 5 93 1 8 KR 3 B (Penicilli-
um italicum) 5| K& . A] 1 BUR G S PR 1 1026 ~
30265 H BT T B Y 5 12 R AR A A 2
Bl i - 5 R T AR 24 A S A B — . HLAR I 2§ 3L
LR TR T A EO Rl w25 | K B L)
ANWTAIN K o A 2 B 3 £ i o2 4 DR A 5 7
DRURSE ST, S v AL A 4 B R 1 e L A B YA
MG 5 L SE B a0 R a0 D) R, VR TR R
KA B 5 A4 SR S 7E R 5 e S0 18] 9 AH 5 AR
JE A5 T L SIS A2 ) 850 ) OC Bl B Sl

WFFE R R ICRS 5 T i R 5 18 Y
PLERA WA S A R e RN ],
F SR S 43 11 45 A O 328 37 4% BRI 7 A e R i D T
BT AE 3 B B AR Bl L 38 AN [A] E Y fE 3EE SR
A MR TR AR KR A A [R] B A B, SR
SR AT VR AR RN TE Y S TR AR
FTAIL o DA 56 0 T 187 B0 Btk 6, st AL ) B e £ 35 410
#il Ccarbon catabolite repression, CCR), CCR 7] L)

Wi H 41 2019-03-06
HeUEH. HEAREILLTHE (31871850)

creA; BRACHENE ; AW EB¥ 08 RT-PCR
XEEARIRAD A

MXEHE  1000-2421(2019)04-0045-10
i R B A 0 A S ) DRl A 1) W 2 T ) 4 B L T
AN A2 23 ) R 5k 1 ) s 41 o 55 0 %k R A
14 FH O e R 2 351

H Al & 2 5% BRP B2 B (Saccharomy cescerevisi-
ae) Y CCR #AT 1 R EWFIY , 6145 #i 45 05 A7 76 )
Xof Rt A I8 19 52 el K ) 4 W B S g o AR T Y
BRAm bl B AE 2R B P X s L U Y
B2 (Aspergillus nidulans) 1) CCR #E47 T &
SRR . 7 AL nidulans T H CCR & #k i
E 5 CreA (catabolite responsive elements, Cre) .
CreB.CreC Ml CreD #f 2", Hp CreA/Crel fE
o R Y RS RS R PO RS2 NN A U e i
R T IX A G HA% T CCR. &4 2 4 Cys,
His, £F 48 25 #9382 9 5 )8 22 1 F CreA/Crel £ £
A 22 R ELTE R ARGE A5 R B (Aspergillus ni-
ger ) K FEH (Sclerotinia sclerotiorum )™ i J]
W ( Fusarium oxysporum )" | B K K 8 (Tri-
choderma reesei )™ 1 Hh 5 (Aspergillus fumiga-
tus )N
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CCR Bl 2 i 38 7T 0] 5 L 17 AE A 0 2o i 72
CCR HL A B % A 7 Cre A TEH B AE K AIK
B RABENEZW, BK creA B E R A kA
W (Fusarium graminearum ) B4 1 3 R A1 1 I A4
BURRET 90% 8, FEB M E (Aspergillus flavus)
L CreA BRRE I HE B IE A A H 227 L g
B Sl Ul 555 o T 200 M 53 Al R S R 2 b, R ]
CreA S0 i 85 1 5 SR A K MR FHY . Xk
B (Beauveria bassiana) W] creA it 58 A8 & 1 b
G, Cre A 15 KL 19 Bl 2% S BOH: 20 0 1R # 1E
Bopw I iR ar e

AR T BE PicreA FEH I ML PicreA TEA
[Fi) e U R 52 T RN B0 o R B Ak AE O, ik — b
WF 5 12 4k R A T8 R M 9 55 55 A A 2R 592 B A b A i 4
1 2558 B Al

1 #RlE7I*®

BMEERE
BRFH B (Penicillium italicum ) W B P-5,
N AR o M ARG SR 52 b 3 L B A 3 R A Y 35

PDA $ig7 3t . D4 % 200 g, ITA 1 L &8 K,
AU S IR A RERE 10 g, 35UIR 20 g

PDB ¥ F% 5. #8200 g A 1 L Z&M K,
AU OISO A RERE 10 g

LB B33k B M 10 g IEEER B 5 g, NaCl
10 g.JH 2 mol/L NaOH W 18 pH £ 7.4, W7
K(GdH.O)&E 1 L,

MM ( minimal medium) %% 3% 3. KH, PO,
11 mmol/L,NaNQO; 70 mmol/L, KCl 7 mmol/L,
MgSO, « 7H, O 2 mmol/L, ZnSO, « 7H, O 76
pmol/L, FeSO, « 7H, O 18 pmol/L, CuSO, -
5H,0 6.4 pmol/L,H;BO; 178 pmol/L,MnSO, -
H,O 25 pmol/L, Na, MoO, » H, O 6.2 pmol/L,
CaCl, 0.45 pmol/L,
SERNIREE MM B3R A 20 o/ L HI % B .
i F
JBE 1Az 3 6 L BRE Al 52 250 & L L RNA il
PR & W B A AT BR S ) 5 B s an) &
2w EHE PCR X F] & .DNA Marker.ex Taq B &
fitg T4 B4 HFEAY TROREARAF .

11

1.2

1.3 PicreA EERTEE

M GenBank F 435 F # Aspergillus niger (Gen-
Bank # 3% 5. AAA32690. 1), Trichoderma reesei
(GenBank # 3% 5 : BAA09784. 1) . Botrytis cinerea
(GenBank & 5% 5 : CAA76329.1) Ml Penicillium de-
cumbens (GenBank % 5% %57 : AGY46356. 1) [ CreA [f]
TP 41, 3 H DNAMAN R 17 £ 77 81 e, 3k
73 CreA P SITEA [F) 9 B 1) 1) £ ¥ 25 M 8, AR
PR SF XA 1 X RIIF5 19 CreA2-F/R, LR 1.

4 2 KA B0 RNA, I &5 548 3] cD-
NA, Ll cDNA g4, CreA2-F/R N 5] ¥ 17
PCR ¥ 34 JF AT B IKAG I . K™ B9 45 B 1y 700 bp
Fr BO#EAT A A e, b A A RS R 58 B .
FE A5 9 )5 5 F U BioEdit 3k 4 BEAT A s DNA JF
HIHXF (blastn) , ¥ 3% BE 700 bp F#415E 7 T NCBI
A E KA FEERNA T, % EWNH )75, &
it 31 ¥ CreA-U-F/R. CreA-D-F/CreA2-R-new
(£ DX PicreA BRI F R T 50 #4750 B JF
T

&1 PCR¥EFASIMFTI

Table 1 Primer sequences used for PCR amplification

5|4 Primer 5¥F %) Primer sequence

CreA2-F TTCCACCGNYTNGAGCACC
CreA2-R GCNARNGGRGTGTGGTC
CreAUF  CGGGGTACCATCGTCGTCTCCAGGTTC
CreA-U-R  GCTCTAGAATGTGGTTGGCGTAGTTG
CreA-DF CGGGGTACCTCCAACTACGCCAACCAC
. GCTCTAGAGGATAGAGCGG-
CreAZ Ronew GAAATACATAC
ActinF CATTGAGCACGGTGTTGTCA
Actin-R CTGGGTCATCTTCTCACGGT
Q-creA-F GCTTGTTACCGCCTCTCATG
Q-creA-R TTCGTGCAACCAGGGAATTG

14 PicreA EERNEWMEEEST

X} PicreA FEPR LT 50 3647 Ja 2+ DX 3 A I
A 5 o6 4 T Chttp: //www. fruitfly. org/seq
tools/promoter. html; http://bioinformatics. psb.
ugent.be/webtools/plantcare/html/) ., F|FH MEGA
AR PiCreA Y R G HEALRS , IF 0 HOAH SC 25
¥y 4 3 47 T Chttp: // www.ebi.ac. uk/interpro/) ., TE
LM PiCreA B H — 9 25 44 AL B4k 7% 5 Chttps://
web.expasy.org/ protparam/) , F| il SOPMA 7 £ Fii il
PiCreA 5 H I — K 45 # (https://npsa-prabi. ibep. fr/
cgi-bin/npsa_automat. pl? page= npsa_sopma. html) ,

LT PiCreA 2 H W) =2 25 ¥ (https://swiss-



Sa B

S5 A R T TR 35 B cre A kR Y v B K R IB A 47

model. expasy. org/ ¥ opennewwindow ) , [f] B} T I
W H R 1k 18 i A7 & (http://kinasephos. mbe. ne-
tu. edu. tw/predict. php; http://www. dabi. temple.
edu/disphos/pred/predict) LA K W 40 e & {7 Cht-
tps://psort.hge.jp/form2. html) | 5 I 45 # 48, Cht-
tp://www. cbs. dtu. dk/services/ TMHMM/) #l (&
S K 4> B Chttp://www. cbs. dtu. dk/services/Sig-
nalP/) .
1.5 PicreA EEMEERIEHH

IR FE L& 1B B (BActin) fE A N
S R W AE A 8] i U855 1 R Picre A K& K 7R 5%
SRR B AE R R G8 B, R TR 58 A IR A b B SR
48 h MR KA G & T I AR 75 3L P KR 5% 60 min, 41
SN EA 20 g/ D% 8. 20 g/L DR, 20
g/ L L-ARE ARFUE 2 % £ B i S Al B 5% 3L v, 4k
SR 5% 10,30,60,120 min, Y £E 4% B 1] B Y 22,
P2 5 RNA, 5 5153 8] 88 cDNA, qRT-PCR
AR H : SYBR Green PCR Master Mix 10 pL,
AFEFEA R cDNAG B 10 4%5) 2 pL.2 pmoL/L i)
B-Actin (Actin-F/R, W3 1) Fl PicreA (Q-creA-F/
R, UL D EF#ES4 DNA & 2 pL, SZE KRN E &
& 20 pL, RN F N WAEH 95 °C 30 s; A8 M
95 °C 5 s, #Ef 60 °C 30 s.40 MEF LT EIE S .
BAFES 3 E K, R AR & ik a2 2720 3t
B R R b & B P 2", #
FH SPSS21.0 #4777 22 73 HT » Excel F A 2:
1.6 PicreA BERAERERILIBPREER

B EEAS T AE AR B B 0.1 %0 W SRR BN Wb iR
W2 min, FHZEIEK vh Uk 2 W JF A (B Fh 72
TSR 7 20 £, IREZ 3 mm, R HE—E
BRI T R R 220 RO B RS AL o SR SR
F 26 CHEE T, 403 F 5.10.15,20 d e 4 5 i 355
M, I 5 RNA, [ 515 8] cDNA., L cDNA
AR R B R E % B-Actin M PicreA 514 it
1728 it PCRLIGIAECR & R 26, B (R 435 &b T %
i, PCR W FEFE N :94 °C 5 min; 94 °C 30 s;
58 °C 30 5372 °C 10 s;72 °C 5 min, XA [F#E 5

cDNA 435Il 14 p-Actin Fl PicreA .PCR P ey
TET AR CFER 10 g/ L BEHs b eI H ik, -
TR

2 ZER55MH

PicreA EEMTRERENERESN

FIH i 9F 51 81 CreA2-F/R DL 2% K Fl % %
cDNAG B AT 3, 25 53R4T 1 5% 700 bp 245
By 2%, WL 1, K B A A5l H S 18T 0 I s B )
W5 Ak A5 1 Bl L 7 81 5 NCBI 2 i 1 3K Al 5
PHI-1 % W 41 ¥ %1 ( GenBank # 3 5. GCA _
000769765.1) #4774 Hi blastn, K H & A7 T F 4 4
. SEHEERA T, Bt 51 X PicreA HEH &
H RS 347 5 B IR, 15 3] PicreA £
SERET A K NI R AIE B

M 1

21

bp
2000

1500

1000

700

400f

200

M:2 000 bp Marker; 1:CreA2-F/R ¥ 34, M: 2 000 bp
Marker; 1:Amplification of primers CreA2-F/R.
B 1 3543 CreA2-F/R ¥ =¥
Fig.1 Amplification of degenerate primers CreA2-F/R
5 A 22 R LT P — B ORI w4
HABR—M creA 3£, PicreA 3 [H 731 FlcDNAJF
JECBEEAE CORP) 8 %2 K 1 236 bp K, JF 4 f 1 A%
A AFEMRBE A BT, B PiCreA &4 2 4 Cys,
His, B¢ 48 8 H 45 1 380, 1 4> & & W & R /Y X I
(AAAAAAA) , — S 7 22 R H T o R 5F 1Y SPXX/
TPXX FAZ L, 1 ANTE 2R BT v i AR ST Y X
Sl DA K © 4R T8 A 5 B A R A DG D, LI 2,

CH B 454 SPXX3E ¥ TPXXEEIT  CORIMHIARZE K i
C,H, Zinc-finger SPXX repeat TPXX repeat Repressing region
HE® B E R (ep K

Alanine rich

Acidicregion

Conserved region

2 BARAMEE CreAZEBR LMY

Fig.2

Protein domain of PiCreA
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WG R 1 691 bp K1Y PicreA KA Fiif
JP 1.l BDGP 7E 4k Wil PicreA 3P # 0 g
1 HEM AT BB T —610 bpCATG) & —660 bp
CATGERE W, [FE, FlFH PlantCARE 43 #7 )i 3h
TF G0 1 43 0 2 T, R AR R B ATG
R AR 2 A G B U AR W B TR SR A 1

O3 81 T ot TATA-box, # 38 7 JC £ CAAT-
box, 7ELL 1 691 bp B 5" LUFX M LI T 3
A PicreA RN DNA 454 67 5 5'-GTGGAG-3'
M 5'-CTGGAC-3", WL 3, X W /E R —F DNA
Zi5HE N, PiCreA W RE S A B3 2+ X W45 &, JF
HEAT I F A i 4

-1691

-1599

-1507

-1415

-1323

-1231

-1139

-1047

-955

-863

-771

-679

-587

-495

-403

=311

-219

-127

-35

1 DX A fBE B9 A% 0 S B 7 DX, B 8 00 3 s AR TR 5 S 6 DX SR BUE B9 PicreA B DNA S5 5750

TGGTCCCTTTGTCGAGATACGCGGCTTTGCGGCTGCATGGCAGGTGC ATCAGGGCTATC%AATTGGATGATCC GCGCCTATCAGAACTG
AATbox
TIGGTTCGCTTTATCGTTCGGATTCGTTCCAC .lx.;[ TCbAAAT'[TGGGAGTTTGTTTAAAAATAAAAAAGTGAAATTCACCATATCTTACCCCAA
CAAT-box
AATCCGGGGGATTGTCGGCGAACCTGAGTGGAGGATTCCAGGGTTTTGTACGGAGTACGGAGTACAGTCAATATACGATATAGGGTTCCG
GGGGGGGGGAATGATTCCTCCGGATGATGAAGCCGCAAAGAAATTTGGGGGGTGACCCGAGTCATTTTCGTGCCTCATCTTTTATTIGTAC
TGGATGACCTGTTGATTGTGTTTTCGCGTGACTAAATAATTACCAAAAATTTAACCTTGTGAGATTTCACCTTAGTCGACATCATCGATGATC
CTCGCTATCGTCACTCCGTGACAGGATCAGATGGTCCCCAGGATCTCCATTGTACATGGGTCTGGACTGGTCCGGCCTAGAATGATCGTAA
CCCCCAGACTTTGACCCTACTGGAGGGTATCTCAAGGAAAATTATGTACAGTACGGAGTAC GGAGTACAT%«\AATTTATAATATGGA
ATA
GTGCTGEAGACCCCAGGTTCTGCTCGTCATCGGCTCTCCGCATGCCATCATTTTTTTATCATCCACTCTGGGTCGCTCGTCATTTGGAGAT
AGGCCAAATCAGAAGGCCAGTAGAAATTCGCAAATTCCCCATGTTCTTGATAAGAAATTCTCCAGAGGCGCGATAGCCGGATAGGGACAC
CAAThix CAAT-50¢
GCACCCTCACGCCACACGGTTCTTCAGGAAAAATGCGAGTCCCCACATTTTTGCTTTATGCAGTTACGTAGTTTCTTTGATTCTCTTTTGGA
TGTTCCAAGGTTCTTTTGTAC ATTTGGTATGG;[ﬁ'l;_?MTTACATATTGGAGTGATGAATATC CTTTGTATAGTGGACTGTTTTAAAATAGTTCAT
ATAbox
TTGTCAATTGGTATCTATAGTACTCCGTATATTGCAACTCTATGAGGTTGATCGGTGTACATAACCCCACTCGAGTAAGGGTATTTTATTTTTA
TTTTTATTATTTTATTATTTCATTTTTCCATTCTGGTTITTTGAATTTCCCCTTTTGGATTTTCCAATTTTTCAATTTTTCTCAAAATTTCCCACT

CAAT-box CAAT-box

TTTCCTATTTTGCCCCAGTGTCCCCTICTICTCCCCCACATTTGACCTTCCAACCTTGAGAATCTCTGCATTTTATTTTATTTTAATTTTTTATT

TGCAATTTTTATTTTAATTCAATTTCAATTTCAATTTTTTGCTTTTTGAACTTGAATTTTTCAGAATTTTCTTTTCTCCAAGTCCGATTCCGAC
CAAT-box

ACTGCCCCTTCTCCCCCGATTTATTCCTTCCCCCTCCATTCCCTATATTATTTGTGACTCCCCAGATCGTCGTCTCCAGGTTCCTTTTTTTCCT
TCCTTCCCTCTGGCTTTATTCCTCCCCACATACTCTACTCGACTACTTGGTTTTGCAACACAGCGAGCCATCAGCACTCTCTGCGCATCACT
CCGATCCCGATCGACCTCATATCCCAATCCGGGTGTTTGATCGACGTTAGCTCGGGACCCCTGCGATAAAACCGCCCTCGGTCCTCTCTTC

CAAT-box
AGAACAAACCTTCATAACCTCCCCAGGGAATTCAC

B O o 1 T

ATG H1“+0” £~ ., The red region is the putative core promoter region,the underlined portion indicates the cis-acting element; The

blue region is the putative PicreA gene DNA binding site. The translation initiation codon ATG is represented by “+0”.

3 PicreA EEEWERZNT

Fig.3 Bioinformatics analysis of PicreA

TEZ 53 AT PiCreA R [ — 90 25 44 F1 B Ak 7 5
iR W  PiCreA B /3 F Bt 29 44.26 ku, 3t 411
AR , I b g far 1 R A JUR A &R 3L 32
A7 IE LA RS 2R M R A 40 S, B AR
FIARTR E A CIL) A 64,25, A AR EHE M.

PiCreA 2 1 1 ¥R S HL 828 9.48, FIH SOPMA
TEL WM PiCreA & H B 451, & W A7 18
21.65% o WRE, 3.41 % #EAE M, 1.46% B-F% ff1,
7348V LA, WL 4. TN 1 = A R
B 5 i,

i —

s s

50 100 150

200

250 300

0 o MEE s 40 (0 A JE A 2 (0 3G ) s A8 (8 . E LB il . Blue color:a-helix; red color:chain extension; green color:f-turn; orange

color:random curl.

& 4

EAXFEE CreAEHZREMTN

Fig.4 Secondary structure prediction of PiCreA
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5 PiCreAEBERBZ=HK&MMN
Fig.5 Tertiary structure prediction of PiCreA
1.0p —— CfH C-score
S{H S-score

0.8F Y{H Y-score

% 0.6}

A " g4l

o

R g}
o oL TR T AT

0 20 30 40 50 60 70
H R {1 & Position

B 6

XF PiCreA & [ 8 iR Ak & i £ 8 3 17 50
(£ 2), KM PiCreA EHFREH A 14 ML H R0
FR AL 55, BE B 4 il B 6 PP IKK . PKG. cdc2,
CKII.CKI.ATM fi#fk . I AT RE & A 3 I A R B R
PO S 4 A R B R AL A 5. TN PiCreA &
5 01261 = A= W= V€ I NS 3 TR NI 110 731
BT AT GEE 3y 44.4 %6 .22.2 %6 .22.2 % F111.1% .
Xf PiCreA # I #EAT(5 5 BRI , 25 S R W] i & H
FREAESIKFE S CILE 6A) . X} PiCreA 11
5 525 K B8 AT AR 2R TN 43 M . R BZ R LR A
T4 M 3% A B SR A, R B R R IX 3 (L
K 6 B),

1.2
1.0
2
m S 0.8 n
& :, —— ¥ Transmembrane
B #3 06 —— HEPY Inside
22 B4 Outside
T 04f
<
0.2
0.0

50 100 150 200 250 300 350 400
HHEER I E Position

PiCreA & B ESIE £ #3E (A) RF S LT (B)

Fig.6 Protein transmembrane domain (A) and signal peptide prediction (B) of PiCreA

¥ PicreA 19 819 8 11 B0 91 47 28 11 L X
(blastp) , 45 R B /R, PiCreA 59" B % Penicilli-
um expansum CreA [ JE 99% ., 514 5 il &
Aspergillus nidulans CreA T HFR 79% ., HBHE
LR LU XS 25 R R U AR He Ay it RGE ALY, e R
PiCreA 59" &35 % 7 9\ B AT i 09 R P, 5 1 2
JE ) CreA # Fm BE[FR, DLIE 7,

2.2 PicreA EERIEHH

K Kb T o B IR BR B v Y OROR T A [ B
RIEAET KB PicreA i R A [a] i 5 el 17 17 50
ANTE] o Rz A B 0w IR A A R b LR
DN A F BRI G  PicreA 3 [H 3R 3k H il
BRI S5 RUR N B T BE R R A R A AN
Wi = (8 8A) . T AE R BE I BE , PicreA K R IK
SR g v AR AR A ] P 5 | b R R 3R R B Y L S
A F R T2 (& 8B) . X T 25 400 4 e U A
JOBTE] N KL & T PicreA R B RIE, 5 &R
IR HE/INIE T AH IR AR R R AR S (81 8C) .
W 2 1 25 400 B DR 2 T 1 0 DX T B (Bl

P L 7E X PP R85 P PicreA LAY £ IR R B
W, B — R B K (B 8D),
2.3 PicreA EEEELHBEERRIEZRFR
R SNl R AR R S
PiCreA 7¢ A2 Y4 il 4 S 52 b 2 o (9 5% SR 1 00, 43
Mr T ASTA 2 e i ) 38 KR 75 B PicreA SR Y 33k
oL, R B IEEKFHES, PicreA 52
R B GE — B AR R E R IKL W
9,

3 it i

¥l SR VR T AL 1) BIF R A T 4 o A
Xt A F A SR MEOR 4 — A EE TR WA
A A 0] 6 DL PR SR R R R T R S 1R
RN & — e RS R AR
2 R 22 T R Y R e
. EPERYREERMEENERET
S U TR 52 2% 2278 1) A A B ARUAE W R
Xt I LIt R A ABEAT i AR A . H TR 20 SR
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76+ XP 016599409.1 Penicillium expansum
100 {creA

XP 014537353.1 Penicillium digitatum Pd|1
0QD75494.1 Penicillium decumbens

XP 663799.1 Aspergillus nidulans FGSC A4
XP002379481.1 Aspergillus flavus NRRL3357
AKNO0970.1 Rhizopus stolonifer var. reflexus

GAQ34764.1 Aspergillus niger

= GAE00282.1 Byssochlamys spectabilis No. 5
= XP020117262.1 Talaromyces atroroseus
100 OXV10444.1 Elaphomyces granulatus
XP 002629419.1 Blastomyces gilchristii SLH14081
I—CAA7632041 Botrytis cinerea
100l CcAA04425.1 Sclerotinia sclerotiorum
AAC13555.1 Neurosporacrassa
100 EHAS54620.1 Magnaporthe oryzae 70-15
60] BAAO09784.1 Trichoderma reesei
99 RKL40919.1 Fusarium oxysporum
: 0.1 !
B 7 PiCreA &Gt LB 247
Fig.7 Phylogenetic tree analysis of PiCreA
o) T
%5 g5 .
1 £ 4 i .2 4
HE 3 ab K3 ab o ab
A%%zc pe 4 ngzc
Bl !
EO0T07T0 30 60 120 =070 0 30 60 120
P 1% 3505} [A]/min &= 1 FEEE]/min
Incubation time Incubation time

—_

(@]
e
Relative expression level
[ N
Z
AXTFEE
- o W

Relative expression level

0 10 30 60 120
1% 3205 [A]/min

0 10 30 60 120
1 FE6F ] /min

Incubation time Incubation time

A B.C.D 435I LL DA 4505 DS L- ABEFN S B B 5. P v A TR) Ak 3 e AR ) 2 B0 38 0.05 KPR %. A.B,C and D
represent D-glucose, D-fructose, L-xylose, and ethanol, respectively. The different letters in the same treatments represent significant
differences at 0.05 level.

8 PicreA EARFEBRIBEREREERESW

Fig.8 Quantitative expression analysis of PicreA in different carbon source environments

AW R B AFAE — R IR A U W AL KR PicreA JEPI A 1236 bp, SihS 1A E 411 D aEEE
2 WA R e e B R L X ML # R CreA/Migl I BRIGEE . IZEA A 2 MFIE4H . PiCreA W17
TR, fEZ A~ SPXX/TPXX HE 7 . H A & & 2 2 iR
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Fig.9
the infection process of citrus fruits

DX A7 48 B DNA B 55 BEL i ) 76 Ho 0 B 25 H vk
PSRN BE R B, X — S5 M U PT BE Ry g 3 TN R Y
DI X R B PiCreA B [ AT BEAL LA S0 I DI 6 .
H A7E#S o 220 BB &2 B, Cre A B H AT VE M B4R
W R W S — 28 H S R R 3 T S PR A
B s DT A0 1 320 28 I P ) 35

CreA 4 19 CCR MM T4 45 0 7% 1z F0 Bl J= 1Y
BERR AL . HHATAAEMRZ X T CreA BRI 1Y
RIE , 2 2R B B i R b i R T A
EWERRAL RS CreA ME M MIIIRE . 7E B & MR N
Bt [ M AL, LR EE Crel B ok I 76 H MR R 45 44
RN Ser®! b IR AL . 3% T B S & i X T DNA
SRR TE M I BRI Crel B2 2ME . 4
S. cescerevisiae H',CreA BRI IR Y Migl M, 3% 3] &
FAE Snflp BBERR LI . X PiCreA # 4
PR AL s AT 0, R LR Z T BE R AR 2 AR AL

XF T 22 B TE B 220K FUTE 2 A T 0 Bk R A
A BERT B IRIL Y CreA B T 40 A% L 1 24 4=
KPR v agle /0 A 2 B IR L UK SR BB T CreA &
A= R IR AL OF 5 AL T 40 M J5T . Bl A A 38 40 ) AY A
BRE . WU PiCreA #1090 40 MO o, K B T 4
T 24 A2 R0 20 I 5 A AR Y T REE

TERERAEFHED L4 MR IWKT CreA 4%
FLTE B IR A A HIGE . 2B WA T IR INAS () itk %)
PicreA F: PR 3k 1952, LL BT 78 22 K H] 35 & b
CreA i Ak A S 61 79 v BE LI . 75 K
L A SRR , Picre A VAR B 7 4T 987 .
FEBR TR IE A A5 LR L PicreA 335K 5%, T 24
PG A AE SRR 7E L B N 5 T 3R 3K K F 1Y 42
R X T A 5 O A 2 B P T S S B R OK

Expression of PicreA gene during

1 I 3X R B AT BEAEAE CreA 76 2 KR % b i
AIAME ", FE PicreA 3R 1 691 bp & 3 X 35,
WARIL 3 A PicreA FER 454G 07 s, iff — 0 R W X
S a1 e 0 SO s e 1 I (1 N
PicreA — HAEFF m B GKk 5 0T 2 40l e U 4n
OWE RIR BN T B EEA R R20E 78 120
min B}, HiE S0 PicreA 3k &5 050 B 5 25 0
FEAR—F, X Fh RIS AL T AR A St 5 AL IR
KRB PO BN B

HATE & B CreA 520 52 L84 1) 93 I 71 19 B0
M. CreA A5 CCR AJ L) 4% il AT 15 5% 45 £ 24
(Alternaria citri) T 1, creA Wi BE 3235 5 80%
Jir TR AT ARG SR S 2R A A ) B 3R — 7R BB AR
P AR R B B, B creA YR
HRILT B2 RE N, KT PicreA JEH g
Z 5 RERMT G P NAG TGS, B E WA TS
AT PicreA JEPN AR IL &, EEAN R YT R
H, PicreA K PIFF1EFG E #3555 0 7T AE 5 B0 14k
XK.

HATCARZ KT creA FEFTE 22K HE h
AR KO R PR R 3KV BE ) A ARIE 0T PicreA
FE A AR D) BE A8 oK DL ARGE L SEBE PicreA I IJf:
W Z% AR A5 e R 92 3 A vy B A [) i D B 5 v 1) 3R 0k
0L AR T it — B WE5E PicreA 185 KA 7 8 5
g 1o R P A

Z £ X W

C1J X 8 , 24200 5, ) w0, 460 D B 500 X R ARG D 00 1 ) AR 1
B Je e R [ ] B iR 2. 2014,35(4) - 210-214.

[2] ERASMUS A.LENNOX C L,KORSTEN L,et al.Imazalil re-
sistance in Penicillium digitatum and P. italicum causing cit-
rus postharvest green and blue mould:impact and options[ J].
Postharvest biology & technology, 2015, 107:66-76. DOI: 10.
1016/j.postharvbio.2015.05.008.

[3] ZHU J,XIE Q,LI H.Occurrence of imazalil-resistant biotype
of Penicillium digitatum in China and the resistant molecular
mechanism[ J].Journal of Zhejiang University-science A,2006,
7(2):362-365.

[4] BOLTON M.Wheat leaf rust caused by Puccinia triticina[]].
Molecular plant pathology,2010,9(5) :563-575.

[5] DELLER S,HAMMOND-KOSACK K E,RUDD J J.The com-
plex interactions between host immunity and non-biotrophic

fungal pathogens of wheat leaves[]].Journal of plant physiolo-



543 B

S5 A R T TR 35 B cre A kR Y v B K R IB A 53

gy»,2011,168(1):63-71.

[6] PRUSKY D B,BI F, MORAL ]J.et al. How does host carbon
concentration modulate the lifestyle of postharvest pathogens
during colonization? [J].Frontiers in plant science, 2016, 7
1306.DOI1:10.3389/fpls.2016.01306.

[7] BI F,BARAD S,MENT D,et al.Carbon regulation of environ-
mental pH by secreted small molecules that modulate pathoge-
nicity in phytopathogenic fungi[ J].Molecular plant pathology,
2016,17(8):1178-1195.

[8] RIES L N,BEATTLE S R,ESPESO E A,et al.Diverse regula-
tion of the CreA carbon catabolite repressor in Aspergillus
nidulans[]].Genetics,2016,203(1) :335-352.

[9] KAYIKCI O,NIELSEN J.Glucose repression in Saccharomy-
ces cerevisiae[ ]/OL].Fems yeast research,2015,15(6)[2019-
02-28].https://doi.org/10.1093/femsyr/fov068.

[10] ALAM M A,KELLY ] M.Proteins interacting with CreA and
CreB in the carbon catabolite repression network in Aspergil-
lus nidulans[]].Current genetics,2016,63(4) ;1-15.

[11] ADNAN M,ZHENG W,ISLAM W, et al.Carbon catabolite re-
pression in filamentous fungi[ ] ].International journal of molec-
ular sciences,2017,19(1) :48.

[12] TUDZYNSKI B,LIUS,KELLY J M.Carbon catabolite repres-
sion in plant pathogenic fungi:isolation and characterization of
the Gibberella fujikuroi and Botrytis cinerea creA genes[]].
Fems microbiology letters,2000,184(1) :9-15.

[13] MACH-AIGNER A R, OMONY J, JOVANOVIC B, et al.

D-Xylose concentration-dependent hydrolase expression pro-

files and the function of CreA and XInR in Aspergillus niger

[J].Appl environ microbiol,2012,78(9):3145-3155.

[14] VAUTARD G,COTTON P,FEVRE M. The glucose repressor
CREL1 from Sclerotinia sclerotiorum is functionally related to
CREA from Aspergillus nidulans but not to the Mig proteins
from Saccharomyces cerevisiae.[ ] ].Febs letters,1999,453(1/
2):54-58.

[15] JONKERS W.REP M.Mutation of CRE1 in Fusarium oxyspo-
rum reverts the pathogenicity defects of the FRP1 deletion mu-
tant[J].Molecular microbiology,2010,74(5):1100-1113.

[16] PORTNOY T,.MARGEOT A,LINKE R,et al. The CRE1 car-
bon catabolite repressor of the fungus Trichoderma reesei: a
master regulator of carbon assimilation[]]. BMC genomics,
2011,12(1):269.

[17] BEATTIE S R,MARK M K,ARSA T,et al.Filamentous fun-
gal carbon catabolite repression supports metabolic plasticity
and stress responses essential for disease progression[]J].PLoS
pathogens,2017,13(4):el006340.DOI: 10.1371/journal. ppat.
1006340.

(18] Begi . £ /RJ7 ARA HRAL BRI 8 2 K F FeCreA B9 ZIREL) .
B Al R, 2018.,51(2) 1 257-267.

[19] ESTHER F O, WANG B, QIU M, et al.Carbon catabolite re-

pression gene,creA ,regulates morphology,aflatoxin biosynthe-
sis and virulence in Aspergillus flavus[]].Fungal genetics and
biology.2018,115:41-51.

[20] LUO Z,QIN Y,PEI Y,et al. Ablation of the creA regulator re-
sults in amino acid toxicity,temperature sensitivity, pleiotropic
effects on cellular development,and loss of virulence in the fila-
mentous fungus Beauwveria bassiana [ ]].Environmental micro-
biology,2014,16(4) :1122-1136.

[21] DOWZER C E,KELLY J M. Analysis of the creA gene,a regu-
lator of carbon catabolite repression in Aspergillus nidulans
[J].Molecular and cellular biology,1991,11(11):5701-5709.

[227 ILMEN M, THRANE C,PENTTILA M.The glucose repressor
gene crel of Trichoderma :isolation and expression of a full-
length and a truncated mutant form[ J].Molecular and general
genetics,1996,251(4) :451-460.

[23] YANG S,LIU L, LI D, et al. Use of active extracts of poplar
buds against Penicillium italicum and possible modes of action
[J].Food chemistry, 2015, 196:610-618.DOI; 10.1016/j. food-
chem.2015.09.101

[24] LICHT J D,GROSSEL M J,FIGGE J, et al.Drosophila Kriippel
protein is a transcriptional represser [ ] ]. Nature, 1990, 346
(6279):76-79.

[25] KUNITAKE E.LI Y.UCHIDA R.et al.CreA-independent car-

[}

bon catabolite repression of cellulase genes by trimeric G-pro-
tein and protein kinase A in Aspergillus nidulans[]/OL].Cur-
rent genetics, 2019 [ 2019-02-28 ]. https://doi. org/10. 1007/
$00294-019-00944-4,

[26] FERNANDEZ J, WRIGHT J D, HARTLINE D, et al.Princi-
ples of carbon catabolite repression in the rice blast fungus:
Tpsl,Nmrl-3,and a MATE-family pump regulate glucose me-
tabolism during infection [ J]. PLoS genetics, 2012, 8 (5);
€1002673-e1002673.D01:10.1371/journal.pgen.1002673.

[27] CZIFERSZKY A. Phosphorylation positively regulates DNA
binding of the carbon catabolite repressor Crel of Hypocrea
jecorina (Trichoderma reesei)[]].Journal of biological chem-
istry,2002,277(17) :14688-14694.

[28] BROWM N A,RIES L N A,GOLDMAN G H.How nutritional
status signalling coordinates metabolism and lignocellulolytic
enzyme secretion[ ] ].Fungal genetics and biology,2014,72:48-
63.

[29] LEANDRO J A,LAURE N A R,MARCELA S, et al.Asper-
gillus nidulans protein kinase A plays an important role in cel-
lulase production[ ] ]. Biotechnology for biofuels, 2015, 8 (1)
213.

[30] DOWZER C E,KELLY J M.Cloning of the creA gene from As-
pergillus nidulans :a gene involved in carbon catabolite repres-
sion[ J ].Current genetics,1989,15(6):457-459.

[31] KATOH H,OHTANI K, YAMAMOTO H.,et al. Overexpres-

sion of a gene encoding a catabolite repression element in Al-



54 LS S NI %38 &

ternaria citri causes severe symptoms of black rot in citrus ways unveiled in near-avirulent interactions of Penicillium ex-
fruit[ J].Phytopathology,2007,97(5) :557. pansum creA mutants on apples[ ] ].Molecular plant pathology.
[32]JTANNOUS J,KUMAR D.Fungal attack and host defence path- 2018,19(12):2635-2650.

Cloning and expression analysis of creA from Penicillium italicum ,

a postharvest pathogen of citrus fruits

WANG Meng YANG Shuzhen LIU Hanhan ZHANG Meihong PENG Litao

College of Food Science and Technology s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract In order to analyze the function of CreA,a carbon metabolism regulator of Penicillium
italicum ,which is a postharvest pathogen of citrus fruits, the PicreA gene was successfully cloned. The
gene has 1 236 bp ¢cDNA length without intron, which encodes 411 amino acids and contains two typicalz-
inc finger domains of transcription factors.Phylogenetic tree analysis showed that the PiCreA protein had
the highest homology with Penicillium ex pansum.Transcriptional analysis of PicreA revealed a complex
express profile in response to different carbon sources. For monosaccharide, higher expression was in-
duced in a short period of time. With the prolongation of time,in the case of repressing carbon source
such as glucose, PicreA expression showed a gradual decline and then increased.It was presumed that
self-inhibition of PicreA occurred.In term of the depressing carbon source like xylose, PicreA expression
level lightly decreased and gradually remained fairly high.For non-monosaccharide carbon source such as
ethanol, high level of PicreA expression was maintained. The PicreA gene is stably expressed throughout
the infection process of Penicillium italicum on citrus fruits.

Keywords citrus {ruits; Penicillium italicum ; creA ; carbon catabolite repression; bioinformatics
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