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1 MR %

1.1 ##
1.1.1 B AT BT K K 3K F B C Penicillium
aurantiogriseum 3.4049 )« & T 44 3K & Micrococcus
luteus 1.1848) Wy |F v [ 325 380 Aol A= 40 T P K 0
(CeMCCC s MR g A& +F AGL-1 C Agrobacterium
tumefaciens AGL-1) HAR] 5 A T 53 BI04 s 2K i 4 1
JM109 1 pBluescript [I KSC = DI H Stratagene 2> 7 5
pUAC 43 4 A S5 % R AF ; pCAMBIA1302-1x-1-1 H1 /7
RAEWTIT o1 T
11,2 2R BRI E 9 DIAE, T4 DNA JE 20,
dANTP, pMDI9T Kit 18 B 5 A9 TR CRED) A7) Tag
DNA A H Genescript A 7l 8% G IWHZ
B2k W E A A F]; Power SYBR Green PCR MIX
J&) H Applied Biosystems 2 5 Ho e 5 A 46 A 571 1)
PN s T
1.1.3 PCR 5|9: tH Invitrogen A A5 (K Do

®1 AXFERRISIHY

Table 1 Primers used in this paper

Primer Sequence(5'—3") T./C Source or
reference

pex01  CG GGATCC CTCCGCACAATCCAATAC 54 This study
pex02  CG GAATTC ACCAACAGCAGACAAAGG 54 This study
PLI  AAGTATTGGATTGTGCGGAG 55.2  This study
PI2  CGAGGAATTTGCCGATACGC 63 This study
PI3  GTCGAGAGTCAAGTAGCCGG 57.3  This study
PR2  TGGCATTCGGAAACTGTCTT 58 This study
PR2  GAAGACTATTGACCGTAAGG 49.1  This study
PR3 TGGGAATGGGGAATGTATGC 60.3  This study
ADl  NGTCGASWGANAWGAA [9]

AD5  NTCGASTWTSGWGTT 9]

pexl 1L CGGAATTCACATTACATCGTCCCTCCG 55 This study
pexl 1R CGGGATCCTATGAACGGACACGCTGC 55.5  This study
bleF  TCCTGCTCCTCGGCCAC 58 This study
bleR  AAGTTGACCAGTGCCGTTCC 62 This study
pexf  GTCATCGATGTGATTGGCAT 59.3  This study
pexr  TTCTCCTGCAGACGAACAAG 59.1  This study
actlf AGTCG AAGCG TGGTA TCCT 58 [10]
actlr  ACTTG GGGTT GATGG GAG 56 [10]

Restriction sites ( BamHI and EcoRID) used for cloning are underlined.

1.1.4 3552 YPD(RERERY 1%, 85 E K 2%, %5
B 2% ) LYPCELEE 1.5% , FEBERDY 0.5% » K 8 Ak
0.5%> NaCl 1%, MgS0, * 7H,0 0.005%, KH,PO,
0.006% > FeCl,0.005% > CuSO, *5H,0 0.002% > 3 i
2.5%); MW 3G 97 2 MCIPC R KK 2%, B BER
1% BERE 2% > CaCO; 0.5% > NaOH i pH 22 5.7); K
s 7% 2 MCFPC R K2 3.5%, LW 5.5%» CaCO,

1% > MgS0, *7H,0 0.3% , KH, PO, 0.7% ); TBCF:-
0.3%, AW 1%, NaCl 0.5% » 35 0.8% , pH 7.4 —
7.6
1.2 Pa-pex1l B2 [E

HRF 77 3 T 8 Pe-pex 11 55 A 3042 <5 X e i
F1H pexO1 1 pex02, BAAK 31 7 45 55 I 20 DNA A %
B, PCR #3843 31 Pa-pex11 W8 DNA v BOf 4 2
AR pBluescript [ KSC =) Fo F 38 & 4 A W) 4R A2 P
(94°C 4 min), ¥ HEE# (94 «C 1 min, 53 °C 50 s,
72 °C 1 min, 30 NMEHD, EMH(T72 C 8 mind. MR
I HIK T % Pa-pex 11 FE K Y510 )3 91 4% B2 1 3
k&5 (PLI.PL2. PL3 #1 PR1.PR2.PR3), & I
AIREMIN & FRTE T 1. BEHLS 2R AD1 I
AD5. R#ASK R A HE PCR( Tail PCRO™ 1 J7 i
220k =% PCR 73 W43 3] Pa-pex11 LRl 41,
73 ) v B 3 pMDI19T oAk IR #EAT P41 ME o Fi4is
AW Pa-pex11 b 7 5050514 pexI 1L Al
pex1 1R, LA 3 75 8% 5 K 41 DNA W B4, PCR 473
Pa-pex11 K FH . § 84 541 A I H A VE(94°C 5
min), ¥ 375 3 (94°C 1 min, 58°C 1 min, 72°C 2
min> 30 MEH), ZEH(72°C 10 min) .
1.3 RERFENSHREETSEL
1.3.1  RITFH AR A G H Xhol 1 EcoR 1
WUBEY) pUACA3, [T P, JE )1 AT 3R B 3R ik
FEBH ble 3BT pCAMBIA1302-1x-1-1 £8 Xhol A1
EcoR T XUBGV) 22 B 5 R IR e B M IL N hyg /5,
Y5 ble FIETOAIEE, W AT B A 1R 4 A0 1 B A
p1302: : ble. ¥ PCR ¥ 34453 2 (1) 5 A 5% Pa-pex11
FER ) DNA B BEH EcoR 1 A1 BamH 1 B§D) 240 )5,
5 p1302: : ble BAK 2 T B AL 0E B2, 13 3 TR
p1302: : ble: : Pa-pex11o H4 p1302: : ble: : Pa-pex11 ¥%
RN AGL-1. RIFHEZS MG % 5 S%
SCHRNY, BEAL B 3% A& FF 3 e 4k 7, OF 8 1L B PCR
I
1.3.2 RIBEAN T KET &N EHFH K
10 hy WJEA 10° AN/ml K 35 85 401 R 52 A6 44
Bl 5 &4 p1302: : ble: : Pa-pex11 JUKLIF] AGL-1 3
Bi g% 24 he LEHALSMSHSORM .
1.3.3 HA TS E: BT 7 BWHEER T YPD
WAREEFRIE, 28°C, 220 r/min S51F FHEFR 2 d, B0k
B FARTEI R U G LR 41 DNA, DLk
AR, LA bleR F1 bleF A 5191 1HE4T PCR 47 14 18 3K
HREPUEIE N 368 bp DNA FBro [H) I LK 3
TR AR EARIL R AL DNA X § 3 &0
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WIEAENEC(94°C 5 min), FIGIH IR (94°C 30 s 63°C
30 s, 72°C 30 s, 30 MEFD, LEAHC72°C 10 min)-
1.3.4 AT Pa-pex11 ¥ DUER) I € - A4 4%
FFLLZE G 5E H PCR (quantitative PCR) %€ Pa-pex11
PEHEBRIZH F () #5 DUE, LU KB y-actin N S
Y-actin JEKI PCR 514024 actlf #1 actlr, Pa-pex11 PCR
10 pext Fl pexr, 43 ) LA AY 1 FITEF A= 7Y B pR 2
K120 DNA A AACEAT 38 . qPCR 97 39 4 1F A W1 4R
A MEC94°C 4 min), FHIIEIA(94°C 30 s, 60°C 30 s»
72°C 30 540 MEHD, LEMH(72°C 5 min) o BEANMEER
76°C ,80°C 51—k £33 Cofi)a 2~ ek
AP MR e
1.4 EE=MAER

B 1 x 10" N/ml K B0H 587 8T 50 mL
MCIP H',28C, 220 r/min 37 7% 2 ds BUFh T K B 55 77
W% 109% # Fh & M T 100 mL. MCFP ', %5 1
0.4% A LIRHIRJG T 28°C, 220 r/min 555 7 do
1.5 HEZEN

R RERG 24 b BURE, LA B 00k 1 4 48 7 1
HEATAT I o TR B TMOBR BT A LB AR R 7R 56 28°C,
220 r/min 3557 2 d, ¥ 1% % N2 TB [ 445 774,
R e gt 1 J, 47 b R/ — Sy fL, IR A
100 p AN [F) I T) S50 RV i, 1 28°C 15 9% 16 h J&
DA P AR SR UARMB ST 5 G
PRt ity VR b v it 2 o
1.6 BHATERNE

] — b Ok I 85 9% 0, RERR 24 hood R 4R
100 mLAK G IR FE T AR, kPR
1.7 HENEMEKE

TEHL 114 h R RE AR, I4E D) Fr, il 4
BRI P SRR . DATR) N () i B A R R B
T A AR X R

2 #R

2.1 Pa-pex11 B2 [E

ST B Pe-pex 11 HER P41, DUIR ST X &
w5, I PCR 4 9915 2 E 70 K BH % Pa-pex11
BEPR, BRI 38 Tail-PCR 3 FEAF 3 T 5 A7 K ¥H 5
Pa-pex11 2HEPR L o ERUEZ 2 kb () DNA 7 B
X% BEEA TSI E « B A0 R WY, 1% A BLAY
T A I R HE R Pa-pex11 K, K BE A
993 bp, & A 2 ANATREII A 1, G i 238 2z BE IR,
(RIS B A B HE N S 5 A7 — AN DR S 1R Al A4 8 5 A7
Feal, S N ERE R WA (B 1. [FUE L

XK IR BT 5 AR UR I Pa-pex 11 2 DRIHE D 1) 2 i
P PR BT B Pe-Pex11 B P A AR &1 10 7 41 AH
BUPE C99% ). 13 2 Pa-pex1l JEPH O AL T
GeneBank, %5 K 41508 FJ937947 .
7 77)
|:| Intron

N
A Lxon

B L >— — ’

&> N-letminal conserved signal peptide

0 Transmembrane domain

'l Pa-pex11 ERZEH RN EQEMREE
Fig.1  Pa-pex11 gene structure and the predicted structure of Pa-Pexl1
protein. A: Pa-pex1l gene with three exons; B: The predicted N-
terminal signal and transmembrane domain of Pa-Pex11.

2.2 IREEBE Papexll FLFRIMIE

AT B A1 T IR A0 R S8 CATVT) K 44 3 4
I BURL p1302: = ble: : Pa-pex11 ‘F AR FHH . LA
10 pg/mlL W38 F POV BT IE p1302: : ble: : Pa-
pex 11 ¥t 7o BEHLBRIEFEAL T, SO AL T HE R 41
DNA, PCR $:iE 2 W] ble BT Hb 47l N\ 21 K 3 B 4
KA ECE 2.
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T-DNA{LY -

pI302-ble | ipvsisa
§402hp L)

v

T L
PR32 on V“",-___ni%] s
pBR3Z2 bom L

kanmyein B

(B} I 2 3 4 5 6 0
— 1.5 kh
. — 400 hp
368 bp—= 300 bp

!z T B R B R 0 (M) R LT
R 36 IEEEAR BRIk (B)

Fig.2  Construction of plasmid pl1302:: ble:: Pa-pex11 (AD and
confirmation of the transformants by PCR(B) . The multiple cloning sites
compose of restriction sites for EcoR 1 » BamHI, Pst | » Hindlll» Nhe
I and Pml I .Lane 1-4: random selected transformants; Lane 5: positive
control; Lane 6: negative control; Lane M: 100bp ladder.



Absent
Image
File: 0

Absent Image
File: 0


1480

Jing Yang et al./Acta Microbiologica Sinica(2009)49(11)

2.3 EHUFH Pa-pex1l HIFEXTHE NTEL

BEMLIE I L o — R AL T 124, & YPD 595 )5
FEHERZH DNA, [F) I DL A= 7Y e AR S R 41 DNA A
X £ qPCR 133 CH, LA 27 O340 LU (E e
Wk 2 frow, K B F LK y-actin EANZS. #HE
BAE SR 24 LA b Pa-pex 11 FE R (1) $5 DUECA BY
AETIRFRI 1.9 i .
F2 HEAREFTEWDEENT tz4 Pa-pexll EE#%

NEHEX ELETTE
Table 2 Results of real time qPCR calculated by the method of 2724%

actl pexl1 ACt AACt 2-haa
WI 2170 20.56

21.78 20.63

21.45 20.54

21.64 20.58 -1.06 0 1€0.89
average

+0.17 +0.05 +0.17 +0.17 -1.12)
74 21.38 19.61

21.39 19.28

21.37 19.24

21.38 19.376 -2.00 -0.% 1.91(1.67
average

+0.01 +0.2 +0.2 +0.2 -2.2)

2.4 BBRGAERTE
DIAFIRERRE T 8% G inim e HlHH R G
PRAEM & CFFH R G AREMIKE A : 2 - 100 pg/ml).

= OWT O
£ 30
2 o5t I L
2 20t
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£ st
0 1 1 1
36 120 144 168
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Fig.3  Analysis of penicillin production (A) and mycelium dry weight
(B) in different fermentation time. A: penicillin production (mg/L); B:
mycelium dry weight (g/L). WT, the wild type strain; tz4, transformant
with extra copy of Pa-pex1l.

3 240 8 AR GO P AR 2R B U (y) 1 L 4%
Ty =0.8182x — 1.04260 KT 87 KIEMER 3
RIFUE = B2, 55 4 KA/ 40w Bl IR
tz4 P71 5 B AR R B RR LU IR BN S 4 R ITUR .
PR A TR R S AT HHE G, W
3-A JoR, WA TR R T 52 35 G R R IEES 5 KJE 1A
PR, 1 FAE S AE N wa PUAE 7 R O
Ko RIBERHT 7RI, 124 55 57 5028 B A B TR K
M 1.8 1% [T ELEE 24 15 0 28 TR B RR A 7] I 1) £
PR T F R s 124 DA RT3 L ) 25 4 P B 24 78 1
W v, 0 ) 3-Bo AN TSR ) B A AR BT AR
REJIKT » 124 B RAA LT 82 8 G IRE ) 2B
TIRPEM) 1.7 f5 o
2.5 HIEL

ORI 114 h KB 22 B AR B wd AR, &2
PG L], R D) R 5 T I R R A R 4 £
EZE S R BERE il FLBE Wos 40 i 9 B AT 2 M I 46
PN 2%, AEBE TR Bl S5 S R AT ) 4 0 5 A AN A1)
HL -5 8, 1T 5 M Y L e i g5 R B AR TR AR 2

.4 HHAEKS t4 BIE AN

1g.4  Electron micrographs of peroxisomes in P . aurantiogriseum cells.
A: wild type cell; B: tz4 cell. Peroxisomes are indicated by arrows. The
bar represents 1 pm.
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Effects of Pa-pex11 gene on penicillin production in Penicillium aurantiogriseum

Jing Yang"?, Yang An"?, Xinxin Xu"?, Gang Liu'"

(! Key Laboratory Systematic Mycology and Lichenology, Institute of Microbiology, Chinese Academy of Sciences, Beijing
100101, China)

(? Graduate School of Chinese academy of Sciences, Beijing 100049, China)

Abstract: [ Objective ] To study the effect of Pa-pex11 gene on penicillin production in Pencillium aurantiogriseum . [ Method ]
Based on the conserved domain of pex1l from Penicillium chrysogenum, we designed primers pexOl and pex02 to amplify Pa-
pex11 gene from P. aurantiogriseum . The complete Pa-pex11 gene was cloned via thermal asymmetric interlaced PCR ( Tail-
PCR). In order to obtain tranformants with additional Pa-pex1l gene copys ATMT ( Agrobacterium tumefaciens mediated
transformation) was used to transform P. aurantiogriseum . The copy number of Pa-pex11 was measured by quantitative PCR.
Penicillin production of the transformant was analyzed by bioassays and the microbodies were observed by transmission electron
microscope (TEMD . [ Results] ATMT was successfully applied in P . aurantiogriseum . Increasing the copy number of Pa-pex11
gene resulted in a 1.7-fold increase of pencillin production, and the electron microscope graph showed that the number of
microbodies increased obviously. [ Conclusion] Our results suggest that increasing the copy number of Pa-pex11 can increase
the number of microbodies, and stimulate the penicillin production.

Keywords: Pa-pex11 gene; Agrobacterium tumefaciens mediated transformation (ATMT); penicillin; microbodies
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