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SEASTEMR o [ 535 ) AR SGE 1 = 26 24238 1 7 BF ST A pBI-hphIT 55 % RS A AF 5 EHAL05 hIf4E =
PR bR, L H AR As5999 R Z AR AK , 7 T RFF R AT 0 H A il 8 5 bR R bt T R AR IR, I X 5%
M) 5 A AR AR R AT TR IR B, S 6 T & I (As) A5 A, L8 32 i a], e 3R IR S N R 1T T 247,
[ 4553 ] X355 AL+ 19 PCR K  Fll Southern 2% 28 43 7 £ WA, T-DNA £ 3% A 3k H A il 75 2L 4 o, BE LBk 2E 4 9
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DAEEAL H AREAR AL, 2 00 2 il w2 B, o0 A a0
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1 AR %

L1 ##

L11 GEMAEOR: H A& As5999 Il T rh B
WA YIS I s K I FF T ( Escherichia coli) DHS o, AR
AT 1 EHAL05, E. coli helper 35 Jy 75 BF 5% % {3
ffo pBI21 (Kan') A8 5% % - 47 ; pANT-1 (Amp")
VLT VWG 3 27 A7 4 BE il %5 gpd A i3 3) 7 H hph 5E
PR KA S i 2 trpC 28 JE 7 1Y pBI/hphIl B kL iy A< AfF
JLE A

LL2 HrAERAEH ER BORIIER A VHE
2 AR RO R ST AN (As) g B 46 5t A
W HARAT BRTTAL L 7], AR X R (7 2 A 4l
L1.3 Higedk. Lo R (PDA) (YEB B3¢ 5k

NOS
RB promoter

14758 bp

~ teminator

LB EcoR1

LB EcoRI

LB 35 7% 5L Al A [R5 7 2 DL SCR [ 15 ], MM 8% 57 L Al
IM B5FR BE WL SCHR [ 16 ] o A T8 % B H il 4% |, Tk
FEHWE0.1% ,MgS0,0. 1% ,KH,PO, 0. 1% , £ K3
0.2% , W 1EE 0.6%
114 36 3R AR Z . Hil 0.1 mol/L, PBS £ pft
& (pH6.5)0. 3 mol/L,4-%3 542 % L #K2. 4 mmol/L,
Ay 42 mmol/L, i S ALY I ( LL % KT 250) , 55
FIK,
1.2 HEHHE

FHBR W ¥ 9 ) B EcoRI Fl Xbal Y) T Ji ki
pANT-1 i & R B AN R B, % # 3) [W) A H
EcoR1 FI Xbal XU () pBI121 kL 12.6 kb F B
b M OT AR pBL/hphll, DI 8 2 B $iLPE1E R
AL ¥ e AR I, M R AN 1 TR .

EcoR/

~ gpdA

promoter
h

!
Xba 1 trpC
terminator
gpdA promoter

trpC terminator

pB I /hph 1T

Xba |

RB

B 1 XNt# ik pBL/hphll & REE

Fig. 1 Map of construction of novel binary vector pBI/hphlI.

1.3 BEZNHAHERMERENHE

T K vk 30°C 1538 5 -7 d () H A i & PDA
Bigw L Rb T, BB 2 AR A RO W, MR R
10° A~/mL, B 200 L ¥k F & 47 [l o 2 91 85 % B
1 £ FRRE SR 2 1, 30°C 1597 72 b 359 78 A ] v J3E
BERACAE T BBOLR B E W5 R B X H A % 1
/MR

L4 RIFEHFELNESR

H = 36 24 52 J7 2 8 Al L 4 Y pBL/hphlIl 5 A
RATHE F, N YEB 4z ( Kan 50 mg/L Rif 50 mg/L)
BRI AT R TV 2 AE] 5 mL A& MM (Kan
50 mg/L . Rif 50 mg/L) ,200 r/min ,30°C ¥ %% 48 h,
SRIGEC S50 wL 3 A 5 mL IM( & B A& 200 wmol/L
)BT PR ) By 5% 4,200 r/min, 30°C £ 5f 2
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0Dy} 0.2.0.4.0.6.0.8.1.0. 1.2 (B IE WK A7
(cfu) 235 6.3 x 107/mL. 6.5 x 10"/mL 7.2 x
10'/mL, 8.0 x 107/mL, 1.0 x 10°/mL,
1.5 x10°/mL) , & H .
1.5 BAHMBBRFRERNGE

A5 mL ER KK FE 5 -7 d 19 PDA 4 b
Ve H Al B 0 o AR il ek B4, SR s
TG K I8 T e B 10°,107,10%,10°4/mL,
1.6 %4

AN [) 6 e 2 Y H A il 85 76 - PR U100 L
A AR AN [R) Ve B 00 A AT T TR TR & 31 — T
L5 mL 208 IR AT, WA 78 © B A AL I8 IR 1Y
[ IM (F 200 pmol/L () Z BE T A& 1 ) K 5% 3& I-,
24°CHLREFE 3 d J5 M AL IR S T, SCRH 2 & A W
B B(60 mg/L) Flk 8 K (200 mg/L) i £ [T H;
Ak B ,30°CH AR 2 d 54 N IFLIB AR, k2 R =
PUPETR 75 A5, B Uk TR % 5% 30 )4 1 a2 498 % 9% Ak
e BT AR R IR IR AE o
1.7 #HUFHENEEREELN

MM AT = BRE O A BHMEFL AL+ 208 A
AWM ERYUEN TR IR A B AU R R 10
G, EHEERNEHMER B ARG ED W
DN HL 2 A5 2 R W 2 R Uik, DA ok R I 7% Ak ik
) R 1 o
1.8 #%#{LF PCR #1 Southern blot #& i

A Al 2 & DNA 9 42 B Scmk [15 ] J7 2 2t
1o IR BN EWBIF IR 5198 .
hphl ; 5'-ATGCCTGAACTCACCGCGAC-3", hph2; 5'-
CTATTCCTTTGCCCTCGGAC-3' (it 5t = A= ¥ T
FEHAR RS ABRAF A ) o PCR ¥ 8 ¥ 5 R B 5t
PEEEIR S AR 3R (25 L) :BiAR (DNA)2 pL, 10 x
28w W (& 20 mmol/L MgCl, ) 2.5 plL, dNTP
(10mmol/L) 2 pL,hphl (10 pmol/L) 1 wL,hph2(10
wmol/L) 1L, Taq DNA polymerase (5 U/pL) 1 uL,
H,0 15.5 pL, W 444 :94°C 5 min;94°C 30 S,55°C
30 S,72°C 1 min , 325 MEW, )5 72°C 10 min,

PREF 19 b1 i S % 28 #2157 & DIG High Prime
DNA Labeling and Detection Starter Kit I( ] F Roche
o)) AR R EET
1.9 BARHBRMLFHOHEMSNLEFOERED

Y i BAS AR As5999 1E & TR Ak Ui 1 75 3
1) H A i 35 5 A 4R 2] - TR B 5 2 41

K, TG TR 7K b e A8 T 1) 45 96 B W, BT mL £
T BRI AN B3 A 100 mL & B 1% 57 £ 500 mL
=T ,30%C (180 v/min YR K5 3% 24 h, =24
A1 3o 8 O TR AR O 78 43 TR U IR AU S = IR Z SR
T 30 mL B AP Ak FR 44 (% 5 mmol/L EDTA ) 2% vpi§
F1,5000 r/min B0 10 min, Y& FiE R, B 33 pl
VE WO H A T A A R b, 37C R
SR 1 min, 7€ 500 nm &b W 3L 2 8 {8 0D {H 22
fb. 37°C 1 min fEfL AL 1 pwmol i H ¥ fF 75 22 Y
il 5 5 SR —ANWEIE 3 B (U)o F ] R AR B 7 12
00 JE ey A AR 1 R T, 3 e L A O S A B g TR )
B 45 = (W B AL I AT SR T

2 HERMAT

2.1 HEHHmE

P& EcoRT HI Xbal MUY pANT-1 Jiz ki, [n] 4
A hph FEP ) 4058 bp Fr B, ARG pBII21 ki
H EcoRI il Xbal #4713 EEY] , 1Y 12. 6 kb J B, Ff
12.6 kb Jy Bt 5 4058 bp 4 A1 75 = K 7 B
e M 15 B BT 84 pBI/hphIl, 22§ U] Al PCR
P HEAS B BUY R (1020 bp) B9 % K B STk
FrB, UE BT A WA R B B M O I AR g 1Y 2k
pBIL/hphlITA4 £ i 2y
2.2 MEZBXAAMBRNNERENHE

TES A AR VR BE W 3 R B A [ 97 & b 5%
Fr HA I 2 As5999 , 1 il 8 5 B XF H A il 5% 19 5
NI L N 1 TR o

*1 BAMBESERARARESEEBM
EREFE FBEEER
Tablel Death rate of Aspergillus japonicus on Czapek’s agar

containing different concentration of HmB

¢(HmB)/ (mg/L) 0 10 20 30 40 50 60 70

Death rate/% 0 18 35 55 73 95 100 100

MR LAAS 7R — S VR BV R Y, Bt AR
% R B W B AN A, 2 & R B W E LTt
# 60 mg/L I, % K B X HA M % B R K
100% , BAC AR A e KA, PN 52 3R B W 9 T
1 T 38 0, P D e 28 A 5 W B R B X A il R ) B
/MR L D 60 mg/ L
2.3 KFEMBEFFREETMAN AS HELEBEN
A1

TERA AS FUATIA AS 1) IM 5537 2 rp B 5 7
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A ST EAR AR 988 A KT TR EHALOS 35 37 & 0D,
KFE| 0.8, HU 100 pL & W 5 55 A B Wk B R
10° A~/mLA T B I MR &, 78 24°C F IR 523 d,
MRS AW R B 1A R R AL U R L A
A Y 3 %

Pl 2-A BT R mTAL, R FT I EHALOS 7E =R 4 H
A il 25 2Z W TS SR A IM AR B SR AL AS
AL DLW 4 e AR e 808 TS A AS B R G 3508
W R
2.4 RIFERENELNEHE M

FEMA AS [ IM 85 37 J ofy il 5% 552 4 47 XLt 2
T B R 98 AR FT 7 EHAL05 , 55 5% & 0D, i5 %] 0.2,
0.4,0.6,0.8,1.0,1.2 B 100 pL B 5 % A8
He S R 10° A/ mL Y #1797 WOR A, 7F 24°C F 4%
Wi 3 d SRS SRR B A UK IR 5, i 1
S AL TR AR 305

[ 2-B a0, 55 5 R EHAL05 2 0D, N
0. 8 M &% 1k 280 3 dc 5, M AE ODygyo 24 0.6 B AL,
0Dy A 1. 2 B AR AR
2.5 AFEZFRREMNESLBENZME

FEMA AS [ IM 85 37 J rfy il 1% 552 47 47 XLt 2
RBY AR AR AT I EHAL05 3555 2 0D, i5 % 0. 8, HL
100 Wl B W5 %5 & BUA % o8 10°, 107, 107,
10° A~/mLiY 7 T B 9 W &, 78 24 C F 385 3%
3d, B AR R B A R IR 3, i e 5 1L
RTINS &

o, A 100{B
°c 2 [P

270 52 80
2E5 2 £ 60
2% ES 40
e EZ

£E 25820
=710 il 0

As+ As- 02 04 06
AS

1007 D 100[ |
G G
K SZg0
oS oS
£E60 £E60
35 40 240
=1 (=
ZE 20 2E2
ol _[H 0
20 24 28 T 2

1/°C

c(Agrobacterium tumefaciens)/(OD, )

&l 2-C 2087 0] 38 A AT 3 5 B A il 8 3L 85
TR 5 Al SR A - v B B 1 g B S, 4
WeJE R 10° A/ mL A B e fk Tt £, LR R
PRI T VR B AL T, A TR BE O 1074/ mL B
b7 %5k 80 — 100 /4~ Ak F 8 £, HA R T HIE
LA T PRI, Jr DA 36 5 e 3 B H AR il A
e B R 108~ /mlL,
2.6 HERBEMNEEMENZD

TEMIA AS B IM 85 35 i v 855 37 4 A BT £
PR AR A AT T EHALOS 3538 2 0D, 355 0. 8,1
100 wL B 5 A 10°4/mL 197 1 &
FERIR G, 75 20°C ,24°C ,28C M K557 3 d, 5L I3
AW R B A R IR AL U R AL A

HH 151 2-D 7] AN ] e 55 5% 0 BE X T ARAT T 4= e
H A il 2 19 2052 ) 3%, i 2L 3R IR
24°C, ik BE T R0 R AR AR N B T AR FF AR G B AR
2 .
2.7 HEFHENELUENTE

TEMIA AS 1y IM $5 37 e vp i 55 552 40 A XT3
PR B AR 988 A AT T EHAL05 5558 2 0D, 15 %1 0. 8, HL
100 wL B -5 SRR HE 4 1084/ mL 191 7 &
TFWIR A, TE24C TR 1 -6 d, 5 B3] 5 A W
T2 B A O IR AL, 0 0B 5% A 7 R AR e 80%

& 2-E AR, fal E R AR R SR R 3 dL Bl
& L3 S I ] 0 JE AR G RIOCR A I R R R

350 1
300
250
200
150
100
50
08~ 10 12 LT T 100 10°

Spore concentration of
Aspergillus japonicus(/mL)

The number of
transformants

600

4 5 6
td

B2 ¥MRERFENSHEFAHBEUANENESR

Fig. 2 The factors affecting the transformation efficiency. A ; Effect of adding and not adding AS on transformation efficiency ; B : Effect of
Agrobacterium tumefaciens ’concentration on transformation efficiency ; C; Effect of spore concentration on transformation efficiency ;D ; Effect
of co-culture temperature on transformation efficiency; E; Effect of co-culture time on transformation efficiency.

i DL B g5 R, R AT I EHALOS {23 H A iy
B W) B A PE 0 E 9 AT R G SR 2 0D, 9 0.8, H

Al B AT RO R W E O 10° A/mL, 45
100 WL ¥k A0 T 8 o A7 L B B A IV B 5 2
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(&7 200 pmol/L AS) I, F 24°C L1538 3 d, ¥ ik
FLUBBERE B 2 £ IR B FR 46 (5 A7 60 mg/L % %X B
200 mg/ LM% ) b, i ik R A5 W 8 R B btk
(AT o B3 2920 80 — 100 A #% 4L F/10° 4
H A h & 41 o
2.8 HAMBREUFHEERBHEREELN
MO AR kL O AN BHPER AL 7 5% =R AN
THWMER B BN - U B AR SR B R
10 Y5, w5 & 60 mg/L W& K B A K
Wi RO BE 0 b FAE C P A R R )
MR TR T IR T X TR B Mbitk, e
PEIEE] 100% , i g Uk WY 58 28 1R 4R 15 1 Bt ) 2 R At
PR R A% ot A st A% .
2.9 #:4{¢rF PCR 70 Southern blot &l
BEPLERZE T 8 D H A M &G+, AR H
Al 8 gkt BE, P2 KL P 41 DNA #E47 PCR £, 8
ANKE S Y8 O R PO D R AR S B, A5 R
WP 3-A, LU pBI/hphIl J5i kL Jy #2451 49 hphl Fi
hph2 § 34753 %) 1020 bp (#9718 R HitEHE K hph HHE
¥, Hind 111 B Y) 5E K40, Hind 111 7530 8 2 Pk 5
hph ¢ 5 o TG Bl VD A7 o Tl D0 3 10 HRL Uk e T
4T Southern blot 73 #7 (& 3-B),5 PHE A 4«
ZEAF T L, HLY o 504 DL, 3R W5 ak AR i A T 1R A
AL AL E T S T X H A & 1 S AL
2.10 BARMBEAFHHMELEENEREN
e i e 45 B 19 LR Bl 5 42 19 e A 7L AR
10 Y A DN it 3% ) A e Ve, 9020 4R A5 — R S ) 32
FE FLH i S0 i B 0R T AR B R S0% B TR AR
fir %4 A Ajyz0079
3 it
H AL R 20 22 70 ARSI A R B
B , 224 WK B PR 2 & 0L i E Hobn 5, %
fiff 32 BEAFAE T 002E W A i 25 o D AN R R b,
i 4 0 th 25 TR T 04 H A it 2 7 AR T I A e Y TR
JiheE . TR R LR, B A RO TR
SCER E A TAE, A Tk fb iy A= 7=, B LLiE
Sigma 23 H] & IR ) A5 KA AR A ) 2 | B e
e B SOl P 2 i T TR 6% ARG 0 it i = e
BT G AE NG PR A W o B AT A ST I MR S A AT B A
T H A i e A A R AT LA Sy H il AR A I ) R A
77 B E L

1 2 3 4 5 6 7 8 9

10 11

B3 HAMHEREMLFH PCR&EM (A)F0 Southern Z
THER(B)

Fig. 3 PCR (A) and southern analysis ( B) results of the
Aspergillus japonicus transformants. A : PCR results of the Aspergillus
Jjaponicus transformants. 1. Markerlll; 2. Wide type; 3 - 10.
transformant;11. PCR product of hph gene; B: Southern analysis of
Aspergillus japonicus transformants. 1. PCR product of hph gene;2.

genomic DNA of wide type 3 -7. genomic DNA of transformant.

R g A AT TR A 32 10 2 Ak 28 0 DR L JR 4 L o 3 LA
FeANIRHL TN 5y T8 4 S0 05 (R ML 3 W e
P EAL BB T Z W . BT X — 51k R
G5 D M ST BT X H AR B G 1 A B AL, I R iR
SR B OAS il 2 0 T B AR AR AT IRV B, As
NG b 37 ], S 5% R R A R AT TR
1, Ak 5 1 I B AL R 24 2 80 - 100 A% 4k T-/10°
ORI T = R S N R A R (ER S e Y i
FHRIBARFTE N S0 & (> 100 LT/
107 A 717 ) FAR 8 A AT B A S 0 v g il &
(200 -250 AN T/10° AT ), 7T By TR A 4
FFB XA R bR S LA R A, e M T &
1000 2N AL 7 (19 AR TR JE 400 A0 075 6 th — ok il
SRR 1 35 50% (%6 AL T, © 4T 10 L HEfK
AN K IEFE SRR 100 LHE A R B 45 10 o i 3% H
= (TG) M % ) £ 09 BF ) T 4t o7 [8] 2 o
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I 7 25 6 vk R AR 96 4 T ok 3 9% Ak
S HS EAT 5 50 T LS B A 3R A L L
A AR B — 5 B, A RE K. T — 7, H
A 5 70 T vl R AR R A T B e e X e A B
RF) 5 T B SR TR A AT B 7 5 Y TR AR X
TR TS IR LT — EmWEA
e e Y 0y, ELWG 3 = 18] 7] RE A7 76 5 — & i LU 19 56
ESE

St F UG FE R As SCHR AR — A BF5E
2 L SR AR X ARFT T SR AT TR F A As T ]
R R T e 1R 45 U R 5 R A X AR AT
PEAT TR FE A As 5 75 % 400 i1 85 11 5 AL AR 3
W R A, T 7E 2 15 F5 B 0 A A As, T ELBE % As VK
£ 4 00 K B A 491 % 125, Leclerque 45110 70 Xof 14 74 %2
PR HEAT ATMT B 75 1 B 25 As Yk BE 4 in ok %%
A3 25 F 459

Sk 7 IR R Sk B 3R (A A R W R AL R
Combier 257 A Sy, X % A A 5 B 7 FH 19 R 988 4 FF
T vir e PR A — TR S P N A B A B 3 L TR
FiE b 5 o 3 e IR, 3 4 R R ) 2 R R R AR I, 7T
fefdt T-DNA f#: 852 B, 3% 5 A0 R AT N S 10
TP AL AR L . A S B R HL 20°C \24°C F1 28°C 3 A4
TREEREEE AN 1.2.3.4.5.6 K 6 /i i) 6 i 4k 4% 52
BCATE 24°C I 55 3 d Wi,

AL T rh T-DNA 4 A4 50 %3 LA 5 fiE 3t
(¥ BFF 58 EL A T 2 X, AR 928 b T-DNA 76516+
gy B L BEHLIE A, 5 RT N B BT 5T 45 SR AR
A ) T AT 0 e 2 e T v AL B AR it 8 e
Bk, B R T 252 5 b sk i 4 £k s 2
5.

% Lk
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Transformation system of Aspergillus japonicus mediated
by Agrobacterium tumefaciens

Hui Guo,Zhe Yang,Laijun Xing,Mingchun Li”
Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Department of Microbiology, Nankai
University, Tianjin 300071 , China

Abstract: [ Objective ] In to order to select Aspergillus japonicus mutant strains that express high-yield of glycerol oxidase,
we constructed a mutant library of Aspergillus japonicus that mediated by Agrobacterium tumefaciens. [ Methods | Tri-
relative hybridization expermients were performed to transfer binary vector pB [ -hph I into Agrobacterium tumefaciens
EHA10S5 that was used as the infective strain and Aspergillus japonicus was used as the host strain. We established the
transformation system of Aspergillus japonicus mediated by Agrobacterium tumefaciens and constructed a mutant library. At
the same time, we analyzed the factors affecting the transformation efficiency such as the concentration of Agrobacterium
tumefaciens , adding and not adding Acetosyringone, co-culture time, and co-culture temperature. [ Results | PCR detection
and Southern blot analysis showed that the T-DNA was integrated into genme of the Aspergillus japonicus. All 9 randomly
selected transformants were stable after 10 rounds of successive cultures. [ Conclusion ] The transformation system is a good
basis for selection of Aspergillus japonicus mutant strains that express high-yield of glycerol oxidase.

Keywords ; Aspergillus japonicas ,Agrobacterium tumefaciens , Transformation system
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