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VT FE WG T B IR SH567 T LaeA LY B A= 78 1 bk
SANK18767 ' LaeA % 15 N FEWR, H g i #is
847 R 45 K MIeR AR M) & B3 R 1) 3604 5 i
PR R AT AW A (HEY ZE R LaeA JF AN 77 242
KAMER, $R &R B0 7R FHOE N 15 A&
KRR WY fig R OC B AR L (H X S E JIF B AT R HL
H1X G A U LaeA (¥4 R MR 1E A —
SE S I, A TTAE B 7R R H R AT A S AR
W75 ATCC SR I8 1 %7 2R I i B Ak G T &
ATCC38065 1 LaeA HEAT ik ik, W 5T LaeA Xf 3 1%
HTT A=A 1 5 W K I LA b S ARAR T A=
W R 4 3 I R 45 R R 7 TR PR 16 T R B A S i

1 MRRT A

1.1 ##
1.1 BE#k AW T K% 8 (Escherichia

coli) IM109 Jz A& AT 1 (Agrobacterium) LBA4404 ¥ %

SZE = AR K W M, W & (Penicillium citrinum )
ATCC38065 W H 55 [ B A L jik 0 o
1L1.2 $F5FE A LB W54 LB i
B g ¥ 75 3 MM (Minimal medium) «IM (Induction
medium) + CM ( Co-cultivation medium) ) 2 I 3 ik
[11]. MEA (Malt Extract Agar) }% 7% % i 77 K ¥ T
% B % K L ATCC. PGA (Patato Glycerol
Agar) Vi & % 9% & H i (Glycerol) ¥ FE 2 10%
(M/V) .
1.1.3  EZERXF: R&I %N VI Xba 1. BsetE 11,
BamH 1. Sac T FI T4 % # % Iy § TaKaRa 2 7.
EasyTaqg DNA B8 & W, b4k 38 570 & i 171 R 7 65
Al 2 e EMBEARA WA . OMEGA X
RNA $#2E0k 7 £ (OMEGA) , Transcriptor First Strand
c¢DNA Synthesisi Kit (Roche) .
1.2 519

ARSI BT 51 (3 1) 3424 Primer 5.0 #5141 &%
T DA E A .

Rl AXBASREMSY
Table 1. The primers in this study

Primer Sequences (5°—37) T,/C Production/bp
laeA+ AATATCAACGGATCCATGTCTTACAGAGAG 50 1340
laeA-R TCACCAGGGAGCTCTTATTCCTCGAGAGG

hyg¥ CTGCTGCTCCATACAAGCCAACC 55 450
hygR CAAGACCTGCCTGAAACCGAACT

PgpdAiF GATGGTGACCGTTACCATGGGGTGACTCTTTCTGGCAT 55 908
PgpdAi¥F TGCTCTAGAGACTCCATGGTGGTGATGTCTGCTCAAGCG

Primers for qRT-qPCR

pcilaeAF CATCCTGATTCCCACGAGC 56 92
pecilaeAR CGACTGAAAGGAGCCAGACAC

mlcR+F GGTCATCGGTTGTGAGGTTTC 57 105
mlcR-R GCCGGATTAAGGTGTGTGTAG

mlcB+ GAGAAAGCCGTCGATGTGATT 54 126
mlcB-R GCGAGAAAGGCAACTGAGATA

pgk-+F ACCGGCTCCATCGTCATC 52 103

1.3 DNA B9ZEUR laeA )52 [

I P PR R A AR I ZH DNA R IR R &7
(TIANGEN) xf ##% 7 4% 2 47 DNA $2 1. Al JT 51 4
laeA FI laeA-R %} laeA #E4T 755 , PCR )™ K ] 50
pL AR Z vk B3 4 0.01 mol /L [ 1F R M 81 & 1.5
pL,5 wL 10 x EasyTaq Buffer,4 pL 2.5 x 10 “mol/L
dNTP,0.5 pwL EasyTaq DNA polymerase, 36 L
ddH,0,1.5 pL i & % ) DNA. PCR 2 /7 @ T
94°C 5 min;94°C 30 s,50°C 30 s,72°C 1 min,30 4>

FEF;72°C 10 mine PCR P=4 4l 1] 1% Bt 5 Wl 45k s
BEAT 43 7 » 4 R BEAT W Fe LE 8%
1.4 RFENSELDHE pGIHTGiHaeA W
L W) o s ROk Bk pl304 +
(pCaMBIA1304) "% S J5 46y ok, 3 45 U503 by 92 0
M #4K pGiHT + PupCo ¥ pGiHT + PupC 1F 4 3
AH B AT Xba 1. BsetE 11 XU U1, b6 5 5 A
PgpdAiF Fl PgpdAi-R M PAN7A b 53 B 15 5] ()
T H it P T S ) B0 1 Pgpd Al JEATIE 2, AT IR A5
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A SzU T I pGiHTGE # 4k (PAN7 — 1 fil p1304 +
B o R 2 e kAR A F 5 T 0 A S S L )
14 pGIHTGi # A AT BamH 1.Sac T WEFY) 5 » 5 M
Wit 8 o 4 002060 Laed AT 3% B 4K 0 R
pGiHTGidaeA . ¥ N Kig#F & JM109 #, PCR 54,
W56 10E o
1.5 pGiHTGidaeA BY%E 4 & ik

pGiHTGidaeA {fi /] £ ¥ % % ( Kanamycin 50
g /mL) A5 A 5 3% A id » 28 K i KBRS AR AT 1 B A 3k
FRAT A 7o RATEN RAITE: B
pGiHTGidaeA f¥] LBA4404 £ MM &% 7 W +,28C ,
210 r/min 48 N 8595 2 d, ] ODg, s BU— & 5 MM
B IR T IM B 7R 0K FLA BE &2 OD o, 2924 0. 15,
F28°C, 210 r/min %1 FE FF 2 0Dy N 0.4 -
0. 6, K5 UL I 1R B 55 7F MEA |78 K 4d K % 107
L7 4% 1 1R B 3E AT VR & A6 78 o AT B B AR
CM 55 % 5 b gk AT L85 9%, 85 98 4 41 2 20°C, 2 d.
2dJ5 K% CM E R Bk B 4K 2 & pu itk B MEA
(Cefotaxime 500 wg/mL, Hygromycin B 200 pg/mL)
EAK 3 -5 d K MEA Lk THES
Cefotaxime 500 pg/mL, Hygromycin B 100 pg/mL) [¢]
MEA E#@E47 ki ik A1 PCR Kk
1.6 AEBEFRDW

$% 107 /100mL ¥ ¥ FE ¥ 45 5 % (WT F1 OE:
laeA) B FP T4 30 mL pH (6.2 £0.2) PGA ¥ 5
1) 250 mL #E ), 210r /min & ¥ 8d J5, H 2 £5 %)
06 B IR BE AR B I 0 R I v R AT R 3R R AR U]
NaOH i pH Jy 10, &K b4k % % $2¢ 24h. 98, HL
FE S, H 0,22 pm 5L UE Sk 2E 47 0 98 4 ) HPLC
HEAT IR AR T A W o 5% AR At VT A WU 4% 11 &I -
7K (pH3. 0, i B2 =l % 12 P pH) = 60: 40, K Il I K
237 nm, JiiE 1 mL/min. £ 45 54 H origin7. 5 3
AT B4k 4y B FOAE &
1.7 HEHTSUABRRBTFEERIT

THET A b A5 B 1 MEA B; 9% Bk b b
10 uL 1 x 107 /mL 1 7 5 W T 14 22 () % 4 B8 0
S, RERE 12 h BUREAR 22 1 Y. 30 SOl 1 x 107 /mL
PR W TN T, F MEA ER IR S d, g
LaeA i 31K X0 16 5 % W % TE & W52 M. 200 pL
10" /mL il 7 & W S AT T HAE N 9 em () MEA
SRR 1L 25°C RIS N R SR S L AiK AL 1, 4
JA YR B AU pE, Bk o BOk g =3RRI

7,3 WHRAFE K .
1.8 K EE PCR 5

Wtk PGA W% Sd MG 75 22 B 42 8 WT A LaeA
LR IL OE: :laeA Wi BRI A4 R T 44 1EAT $l1 9E 7K o
U JF 2RI T2 1 K 7K T A3 B AR B 80T - 70°C K
FEfg AT o A AT AN = 70°C UK A B H S v U HF 5 A
OMEGA IL i RNA 2 Uik 7 & #F 47 RNA $2 L.
DNAse Jiff 9F 177 RNA 4 {f,, Transcriptor First Strand
cDNA Synthesisi Kit 3 1T Jx ¥ 3% 3% 15 cDNA, Ll
cDNA g BERHEAT qRT-PCR 7347 o [ 2% AR I
A9£:95°C,3 min, 1 AMEH;95°C 115 5, XC,30 5,40
AMEFR  melt curve:65°C —95°C (0.5°C,0.05 min)
LI 75 R R (X peh SEIN A 25 L3R DN, MR A 2 72 ik
v SRy M 4 R MR A BRI Laed s 6 AT &
Jle 5 DR 5 T 478 R DR mleR , S5 AR Al YT A s i DA A7 i DA
mlcB o A H] origin7. 5 73 My 2 ik & JFAF 14, 45 41 18] 1)
A 572 AT ] SPSS19. 0 HEAT ¢ K56 2 #r

2 4R

2.1 pGiHTGidaeA By#yiE

LA W) e 304 TR B Ak p1304 + O J5t 46 iUk, 1)
HgI NN PANTA | o B 45 3 18 58 5 3 1 PgpdAi
Ot 12 H o 8 0 S0 8 ) 301 5 AT 3R A5 AR T B R A
#Hi Ak pGiHTGi. ¥ pGiHTGi # A3 4T BamH 1. Sac 1
WD) 5 > G R A3 B laeA HEAT 15
#l] pGiHTGiHaeA .
2.2 @HEEIFRIL LaeA & HkHI 7F 1L

A4 BT 153 5 kb pGiHTGidaeA 45 E. coli JM109 Al
Agrobacterium LBA4404 % N K5 & & ', @ o
pGiHTGidaeA 44 T 417 (1) hyg il 53 25 Ptk FE D Xf
AU AT BUPE A hyg BRI PCR i ik, 3R 49 1 3%
ik LaeA [ rE R #E (K1) o
2.3 d3FRIE LaeA WEKMIT=EMBFREAD
A

250 mL 5 A K DU A 9 R BF AR BAR WT A
LaeA i 3 15 H ¥k OE: : laeA 7£ 25°C <210 r/min+
FAME T REEL -8 d M EAMRAMIT 7 5. KRR
HI 2 £ FOREEAT 32 32 (B3 R 3% 90 4R 30mL 1) 55 77 W)
HEAT F RN IN) 5 TR [ B4l 3 AN S AT, R T S B R
53 . Wi 2B Fron WT R FE M ES 4 RIF4h 7 &
TR e, ERAMITE 8 R& =& N (35.77 =
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E 1. OE::laeA Wi 5L E

Figure 1. Screening and identification of OE: :laeA. A: Screening of OE: :laeA on plate with hygromycin. B: Identification

of positive transformants by cloning the hygromycin gene. M, DNA Marker DL5000; lane 1, PCR result of vector pGiHTGi—
laeA; lane 2, PCR result of WT genome; lane 3, PCR result of OE: :lacA genome.
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Figure 2. Effects of LaeA overexpression on mevastatin production in Penicillium citrinum. A: HPLC results of mevastatin production

in WT and OE: :laeA; B: Time-course relationship of mevastatin production in WT and OE: :laeA.

4.63) mg/L, OE: :laeA R B H 5 7 KA & A8 A Fr i WL %E OE: tlaeA TR A WT 4 Ak I
THROE, % 8 K™ H N 201.46 £9.98 mg/L, OE:: KL LaeA ERIE MR T B0 TR EMARTUE

laeA R SRARALTT 7 B2 WT W1 S 63 £ (P < D (U 18 3B 7R ) o O B vk BE AT 00 5% R L AH TR
0.01) o« XL WG T 5 LaeA REIE W P F 56 f $% A0 BRI [F) 55 5% 16 10 (1) OE - : laeA T MR 1 % B (4
T G SE A S AR A VT A 7 A= I ] AT S B 56 4% W2 WT B k& (18 3-A) o #4200 pL 107 /mL 4
(CRARGAE 5 -iORTE % Pi TURATT HAR 9em [) MEA P 4R 1=, 25°C R % 4



1442

Yueliang Zheng et al. /Acta Microbiologica Sinica (2014) 54 (12)

PERREZR S R, WER T IF L . LaeA W RIES
904 T B 10 £ 77 5 W b, il (2,38 £0.24) x
10" /em® 3/ 5] (1. 40 £0. 11) x 10" /em® ([ 3-C) .
2.4 LaeA B RIEWNEKMTERERNE I

¥ R S T3 WT Fl OE: : laeA B KR ) cDNA
HEAT qRT-PCR AW, A ] Py 2 35 K pgk ¥4 cDNA 4]
GEBEAR BEAT VA — L A P ] ACq 55 3 X B bk
laeAsmlcR mlcB W3R8 & AT 5 Hre 5 WT ML,

OE::laeA (B)

120 h

OE: :laeA " LaeA I3 KIAFEBEHE B & Rk 5 14
N T R AT A AL K mieB R 45 5L ) micR
Fik . WK 4 75, OF: laeA Wbk laeA 335 &
J& WT [ 1.29 +0. 17 5 (P <0.05) , mleB £ ik &2
WT f#) 1.72 +0.09 {5 (P <0.01) , mlcR ff) ik & 2
WT /1] 2.53 +0.64 % (P <0.01) o iX&sh fHR
1 5 7% T LaeA W] g 18 i % SE AR vT A= 9 & i 3 X
)5 AT 2 5 SEARAR YT 1 AP 5 1k o

P<{.0] **

OE::laecA
Strains

3. LaeA 3 REMBEBRFHSM~ERZ I

Figure 3. Effects of LaeA overexpression on conidia production in Penicillium citrinum. A. Comparison of colonial morphology in WT and OE

i :laeA; B. Comparison of mycelial morphology in WT and OE: :laed; C. Comparison of conidia production in WT and OE: :laed. [P <

0. 05, significant difference (* ); P<0.01,exireme significant difference (%) ]
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4.LaeA FREXMELMTEY S HEE micB Fn
EERIEIEEE micR B 00

Figure 4. The effect of overexpression of LaeA on mevastatin
biosynthetic gene mlcB and pathway regulator gene mlcR. [ P <
0.05, significant difference (* ) ; P <0.01, extreme significant

difference ( ¥ok) ]

3 itig

AW TR I 1 75 B 4 R 5 R T LaeA )3
Feak ] 2 K AR A YT (0 2B 7R I TR AT R W B
Wi 4 RMERR S 7 Ko REET-G W R HEE A B
TRARMIT BN R A S ARAR YT B (35,77
4.63) mg/L 1% (201. 46 +9.98) mg/L. LaeA [
Tk IR S A S AR A YT A ) B R IR N mleB Rk
WO 72% , & 52 T mleR 3ROk R85 N
153% o XS 45 5L W oR, LaeA fig IE [n) 1 45 26 A% Al VT
AR R 7 mlcR 3235 &, i MlcR K1 ] &b F
B K AT AT EE T WT B AR RE B 4 1 5% i 56 4%
b YT A bl S TR A5 1) 2 a8 5 3k i 5 WA S AR A YT 7
AR VP2 KT LaeA [MRIGEI R W, LaeA HEW 52
M) 22 PR B0 VR IR IR AR o 90 s A6 7= B B laeA
T AR R A T R YN 25% 5 laeA R bR
W25 5 B0 R A R DR AR I 2k 52 BHL, AT 5 3
TR RO B> o [RREH, 5 B A
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laeA Ff % ¥k 2 {8 afIR, norl Fll afl] %5 aflatoxin 4= 4
B LN R R R 23% -37% Y .

AWFICIE K, LaeA 3 K IA BE 4 1 54 75 27 10
FAARAE S, A T R (2,38 £0.24) x 107 /em?
W F| (1,40 £0.11) x 107 /em® s LaeA B85 24k
FLIH 98 7 77 i, AHAE S () 220K B0 B o i R AN
—H A BRAFAE AN TR AL B s 8 R B T A
LaeA 1 #8777 & laeA @R AR 2 3 800 1 7= &
R JE 9k /0 (LR B R LaeA 4R 39l T
o laeA R R REBY N7 7 & laed I RIB M4 7
o7 e Bk D, B R R T R R R
TG, T M SRR %, A A R R .
Wi 2 (BB IR AR I 46 1R 5 B ok A (e
iR E RS E, XK P ER A T
A Al 06 T IR R AR 1B 3R I D T e T B0
GAR PRI > o IR 7E A T A P LaeA [ &
5T BONG e RE ) N B MO B AR R
(8 77 F T AR T 10 A= A5 1l o

LaeA {E 4 —Ff 4 J5 P 1 45 DA 1 DA B 80 B 75
10 FEPIFFE T B 5 5 7E A R 22 R o b 4 3
GE S P T I AR S K RL DB AR i

FH N 0BT 1 2 AR 0 1 R T s 2R B
] laeA FE R AE 1 i & (Aspergillus terreus) Tt %Kik
S AR A YT 35 BB ( lovE R lovC) R IE KTt 3% 42
e W AT K 7 i R TR 2 i R s AR A
VT HE DAL AR A2 K B 2 P S U R GA I, AlaeA 3 8
lovE F lovC F& DN K 7KV 1) R B BL R s At yT
A U 4 ST T AR T B> U o laed LN Y
STl S Yt e 47 A P 2 WY AR AR ) 0k A R P R Tl e
PRyl o SRARMYT 55 i AR Ab VT HA AL 2B 5 i
TR A 45 g R ) g A T TR 26 AR At YT
W) B AT T RESZ B LaeA 1R ARUREA O
28 D) ve B B AG F 2 10 4 R I AR R DY) peidaed s P
P& R W LR e 9 L 77 30 B ARE 1Y laed
FEPI AT 95% (1) [R) U5 1 » O 1 R T 9T R pei-
laeA 5 S AR TT 1) 2 ple I 1) T AR 6™ D8] I A B
L RIE LaeA B30 1 R ARAT 19 A9 & 0k BRI
THTHIE R B LaeA 68 2 HiG 7 55 1 2K
GARY 7 W L) G s T RE A JE SR AR AR T
77 T A R S ) 9 AE BT AR

CA WFFUIRIE » Lae A S B0 R G ACU 77 ) & Bk

il ) A R IO B R WG . AR B
LaeA W] i 57 95 % 3% N & B85 ] ipnd 1) mRNA
K T3 s T EE ST s E P,
Gl B R WA R 5 B C pebAB pebC R
penDE) JSFEAFAT » o335 52 B 7= HOH 8 4 5 PR 4%
Bl 7 Pe-LaeA (K45 o 24 laed 3K 1 % 34 I,
pebC A1 penDE PN KL K] 1K) 21 7K [R) I8 O 95 %5
E AL PR R laeA FE D 3T BR S 2 AR T
T R G B AR (0 ik DA R T R 1 R
T 75 2 R ARABYT (0 AR Bk DR AR 42 K 38kb, Hi 9
NN mlcA-mlcH F1 micR 4H A%, Hoo micA F1 mlcB
i 10 5 I 5 I > mlcR J2 5 AT B R 45 A 1 38 A 1 45
?['3’18] » R A 5T 38 3 mileB Fl mlcR 1E & LaeA
Tk a0 S A YT AR R AR A R 45 R 1
R, 45 BUIE L LaeA W] 830 1 4% 5 W0E micR 52
mleB (335, $& i AT 1) 7~ 5.

LaeA AN T %R 28 0 A A I 2 4%
Fs i HL & 58 I 428 20 At R %0 A8 40 B9 7 £ . Bok
a2 O B 30 X A S B laed SEAS TR K 5 B A
BRI AR = 0 E AT TLC LA 40 #7 5 laeA 5% 4% 1
HHRR) T AR €0 3R B At 22 b R e AU A WD ek 2
() I £ BB 5 5 A0 PR R S A 7 ) R G e B A2 T
laeA J [K [ %P G868 YK 52 LaeA S8R TR Ak X 264X 4t
Y7~ & o Bouhired 45 HEAT T B 4 h AlaeA
OE: :laeA FIEF A B4 T B e s 2105 v EE B 2 e L
LaeA i 2 VF 22 R K1 A [N 7% 1) 3R 0k, OF %
SE T HH AT R IR AR B DA A% B HE g B ) — A
B BAT B0 IS 2k 0 8R4 terrequinone AT
ARSI fy TACHE W03 BRI DN 7 0 R0 B IR B A
T T RGP AT W B e
VAR Z2 AW 7= 40, 4 Citrinins Tanzawaic acid A
Fil Asteric acid 25 AR i 77 9 2 87 R AT R S A
I 5 3 3 3 v PR B B IR R A AR OO0 AL A R AR BE AT
H, LaeA J& 77t B8 8 428 F0 A R A 7 0 1 5 1 ie
AAgHE— L W5

2 2% 3CHR
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Overexpression of LaeA enhances mevastatin production
and reduces sporulation of Penicillium citrinum

Yueliang Zheng, Shuang Cao, Yuqi Huang, Guojian Liao, Changhua Hu
College of Pharmaceutical Sciences, Southwest University; Chongqing Engineering Research Center for Pharmaceutical

Process and Quality Control, Chongqing 400715, China

Abstract: [Objective] To study the regulation of laeA overexpression on mevastatin production and sporulation in
Penicillium citrinum. [Methods] We cloned the laeA gene from Penicillium citrinum and constructed the vector pGiHTGi—
laeA. The plasmid pGiHTGidaeA was transformed in Penicillium citrinum by agrobacterium tumefaciens-mediated
transformation. Positive transformants were detected by cloning the hygromycin gene. The mevastatin production of the
wild type and OE::laeA was compared by HPLC. The conidia number was counted by blood counting chamber. The
biosynthetic gene cluster expression quantity of mevastatin in the wild type and OE: :laeA were analyzed by qRT-PCR.
[Results] We constructed the plasmid pGiHTGidaeA, and screened the positive transformants that overexpress the laeAd
in Penicillium citrinum. With the overexpression of laeA, the mevastatin production was increased from (0.69 +0.12)
mg/g to (4.02 £0.50) mg/g dry cell weight. Compared to the wild type strain, the laed expression quantity in the OE: :
laeA strain increased 29% , and the mlcB expression increased 72% , the mlcR expression increased 153% . Moreover, the
overexpression of laeA would decrease the conidia number. [Conclusion] Overexpression of LaeA enhances mevastatin
production and reduces sporulation of Penicillium citrinum, with increases expression of pathway-regulator micR, and
biosynthetic gene MIcR. These results could guide global regulatory mechanism of mevastatin biosynthesis and the
exploitation of high-production strain.

Keywords: global regulator laeA, overexpression, mevastatin production, pathway regulator mlcR, Penicillium citrinum
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