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B E. ARSBELRATE dgrobacterium tumefaciens) N5 2w %5 (Aspergillus niger) ¥4 (ATMT) 2 &, K I 5% v

AL B0 o A T T 5 RATH 09 I B E IR A F FRE L F SR OBE T A8 (AS) R EX 5 ANE L AT
B R F RS, RAH TR G LR R A ARBRAF A HFEAEE 400 pmol/L TEAT FEALRELFMHT,
100 mL = /#8728 °C 100 t/min # % 3% Sh, 5 A 5-T SARBRAFE LB A 12 100, £AEER L AL 24 C
F3E5 A8 h. ALK T, B F AL R K 3] 35 AM107 A F0F. AR TARALHT, 2Lt F R T 78% , B
BEOHZEZMEARMGINRNEE BIRELARELE 15 KRB AETEE.
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Improvement of Transformation Efficiency of Aspergillus niger
Mediated by Agrobacterium tumefaciens

CAO Zhanglei, WANG Depei, ZHANG Lan
(Key Laboratory of Industrial Fermentation Microbiology , Ministry of Education, College of Biotechnology,
Tianjin University of Science & Technology , Tianjin 300457, China)

Abstract: To improve the Agrobacterium tumefaciens-mediated transformation (ATMT) efficiency of Aspergillus niger, we
performed some single-factor tests for five factors:ratio of conidia to bacterium, transformation media, inducing dissolved
oxygen, inducing time and inducing concentration of acetosyringone (AS). The optimum conditions to improve the trans-
formation efficiency were as follows: 4 tumefaciens was cultivated in 400 umol/L AS at 28 C and 100 r/min for 5 h in
100 mL conical flask; co-cultivation was conducted at a 1 : 100 ratio of conidia to bacterium on nitrocellulose membrane at
24 °C for 48 h. Under the above optimized conditions, the transformation efficiency of 4. niger achieved 35 transformants/
107 conidia. The transformation efficiency was increased by 78% compared with that before optimization,and all the se-
lected hygromycin B resistant transformants were genetically stable after 15 subcultures on complete medium.

Key words: Aspergillus niger; Agrobacterium tumefaciens; hygromycin B resistance

Hh & (Uspergillus niger) BLE A FE 1) Tl
RIEEAZ—, Tz TR T R 28
BN AL B | B 2 S5 40, Tl AR 7 TR AR R i
% (Aspergillus niger) CBS 513.88 4=F& K4 ) 5¢
JNAE T T2 EFTE R M A G | 2T s AR
fEos e TH MY, BRI EAN S
(Agrobacterium tumefaciens-mediated transformation,

ATMT) Ji ik I SE , RORTRAL T 224K B i e AL 1R

KRR EEE: 2015-04-27; f&EIHHE: 2015-08-04
BEEUH: HRARBEELRBITHE (31471725)

P, P& 7 IR ALROCR , S 22 R 0T 58 X 2 fg i F
58 A FHBE IR Y v B 208 5 TRT R a5t A% 1 R P s e
T —&Emistk.

IR AR AT (Agrobacterium tumefaciens) J&:—
RER 2 Yt W) IR 2 00 ) A 2L A AR P o5 =2 FR B PR 1, o
I TR Y 240 B 0 i PR AR A5, HLRBTE A RIS
T X 32 47 AL 240 T i R ST A5 o B 2 A S A
)Pk, YRGS K T-DNAPY: At

fEERITr: k& (1990—) , 55, WL A, WiLpisRe,; BIEEE: F1Ek, Zd%, shiyao2l8@163.com.
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VI H#E 5 EAEYI LR A, B S EBUE Y I
A=A Tz N T AO A 7 H R A Y 8 A% R
1. De Groot Z5UVH|FIMMEAATHFAL T M E, X
R 22 MR B I i A AL PR AL T R B Oy . AR
LA RN BB AASCRZ RG22 R B2, 4
fry ity AR SR 2 T AR BRI R — AR ISR
PRI, B A 250 e 300900 B R0 3 S A R e
PAF AR IR B | SRR | R E X 5 %
SR T AT A 3 DR B W AR AR R
. SRRV B 2 W T A IS R H A B
R 5 RS, HE—E 5000 T SYR i
RETE AL RFTF R B T, PR R LRCR. e R
AL ST MR g A AT TR A 5 0 0 it B3 5 1 S 1R e AT AL
BRI, B AT XA IR AT TR T 408 i B e TR 3o
SN . A SO SR SEYH Michielse 25Uy
ST TR RI AL TN EBC 15 4107 20k
filF, FeALRCRAR, D DU AR AT TR (R A e ik
K. A A e SCHR , A AR /DA 8 3 1 AR AT
TSRS PR R X AR BCR I 2, PR M AS SO $ g AR A
FR YRR PE R AR AT BRI TE 5 S R i S A 5 )
(8] 7574 L T A e 15 LA Ko LA AR S 18 i e ARk
RIHERILT T, Itk —L 2 s R A
(1) BB phh 2 358 A e A AR 2R B St

1 HRSH®

1.1 EHR. R SERE

PR FE (Aspergillus niger) CGMCC 5751, HYJEEA
& (Agrobacterium tumefaciens) AGL1 | 5ok p50 14

LB Higidk: O 10 g, BElbR 5 g, SALA
10 g, ZZR/KERR 1L, BASEFRED A BB
15 g, 121 ‘C K 20 min.

PDA [AI{REESREE : FRIE B2 T8 200 g, VI
AN, IMAGE fEZE MK, 28 30 min, 6 S22V I,
ERZE L, AR 20 g, BUIEK 20 g, 121 TX
7 20 min.

IM iS55 | CM BER 3 R R R Tt 15
Frbk Kk 228 SR 71 RC .

1.2 W 58 RHIEH

Tag DNA R4 . T4 DNA ¥HzG BT 8)
fif§%5, TaKaRa A ] ; ZBE T 7l (AS) , Sigma /ATl ;
JoE e B & | B IR R Il Woan & L s R

B, Solarbio 2wl ; 2— (N=M Wk AX,) 2, %5¢ fish iR 44 £h
(MES) , bifgA: TAY) TRA R A HoAial5], K
AT R A=A

J R 41 $E BCZ% v : S mol/L NaCl 20 mL ,
0.5mol/L EDTA 100mL , 1mol/L Tris-HCI(pH
8.5)50 mL, 10% SDS 100 mL, Z&IH/KERZE 1 L.

TE ZZ #h3# : 1 mol/L Tris-HCI(pH 8.0) 10 mL,
0.25 mol/L EDTA (pH 8.0)4 mL, Z&IB/KEARZE 1 L.

pH 5.0 HAc-NaAc ¥ : #REL NaAc 5.4 g, 5T
W EE TR, HBSRET pH £ 5.0, EXE
100 mL.

R AW : Rl &b R AR
24 :25: 1 BEURA.
1.3 EMESERTFHHE

B 6 mL KIRZEIH/K, Wi 4 d RIS PDA
I T W% A A WY N = = 11| B2 97 4 €110
HAERTHE o 2% 10" mL ™ %
1.4 RERTE AGL1 BRZSMEAH &

PRBRIEAR AT AGL1 4270 3 mL LB AKR;
Fiedr, 28 °C L 180 r/min ¥5FE14% ; B 2 mL 359K
T 100 mL LB AR FREE PR ELE TR, 2 Ao 0.5
LA s B B IR B VK 40 min, 4 °C .5 000 r/min &5
> 10 min, #25 FIFW; 4 °C .10 mL B TCHE/K OO0
B, FERERGH 4°C10mL 10% HiliEF
A ; 4 °C 5000 t/min &0 5 min, 32 FIER H
ImL B H 10% HmEF, 2R EE 70 L,
—70 ‘CIR-AE.
1.5 IRERTENELSES

U1 pL HAMER B Pk EA ok pso
Jks, mE] 70 L HYEARFFE AGL1 Bz 840,
TRAT, WHOFINEIAEE 0.2 cm WA, 838 T,
PR 2.5kV, Bl 5 ms. B EE R
FRAFEISAT T LB (% 100 pg/mL RIREE ) FAR b
AT O L, O BE AR B P B AE LB(E
100 pg/mL RAREER) PR LRI, 28 CHEFE 2.d, #k
BB P52 F0 T S mL (& 100 pg/mL AR ) i
LB Wikt 5kd, 28 °C L 180 r/min 538 16 ~20h,
P 1 mL M AR AT TR D R EE P T 5 A A T Y
100 mL LB yAREEFRIL D , $2 IR[R G A Rk i e 2
Agoo N 0.8 25 .
1.6 REL &GS

Bt 4 mL (4go = 0.8) R AFFEF W 5 000 r/min
B Smin WAERK, 1 6mL &8 AR WK E
AS (200400, 600, 800 pmol/L) B IM i S5 5 il



e DD .

TR, EARBEE AT (BER 18 mm X .
25 mL =S, 100 mL =) PEF7 AR A B (2
4.5.6.8 h)iFETHE, BUBMEAMTFEW 250 uL,
TS RE R AT R AR B, He Bt ST SR FT
BEAEECA (1 1,1 :10,1 100, 1 = 1000) AT
REE], WAEARR WAL e IR fiSfRET
YEE | BEFRLT YRR | BERRASTRTR A D 1Y IM AR 5%
I b, 24 CHEOEE TR 48 h, SRIGRHR A KR G K
R R 54 150 pg/mL 155K B “FAe ik 7w)
i, H5 % 4~ 5d, MiJE 5642 200 pg/mL W& X B iE
TP, BFAAFES 3 WK, BiFf b Fiaid stk
TAEL LU 10" A3 A TS 2 i B A & R B A
U5 WA F AN BOR FROR e AR 88R. BARERAETE
D SCHR[7].
1.7 FHFEIEREEREMNEIE
PRI B L PR AL, IR B btk
P85 19 (WL 1) , PCR 1A KHIE.

®1 BWEHEB3W
Tab.1 Primers of hygromycin B

Elk/EA] S1FEs (5-3")
HYG-F TTTGCCCTCGGACGAGTGCTG
HYG-R GTCGACGTTAACTGATATTGAAGGAGC

M SR EE LR U L F7E CM 150
HEEFRAGAC, #6815 RLUS, $RILN AR B
AT PCR BIE , A Hi 5L R i A e k.

1.8 SFitERHE
JH Mintab 16 Gei TR/ 7 HL R 3R Oy 22504

2 GRS

21 EHMEXPEZR BHERMY

HR I AT TR 0 22 R EL T T AR 2 i Ry T
DR i = Wi B N 1 0 1)/ 0A o NN A e )
T LIRS ARSI R T R S A 4 A A
YR Z M. Ir R R T E R B iU

¥ Sl B 0L B AT T A A R R A R
B [ CM B33k iigs , WA E AR A KB, 451 I
2. MIBEMER B FEIREN K, BlENERKE
Wiz B, YRR BE A E] 150 pg/mL B, BT
CATEAK. ARERERE 150 ng/mL W%HEK B K
W0 BB, 200 pg/mL MG E B N E TR
W

REBEBREER B35 ol

*2 EHE CGMCC 575135 = B RIS
Tab. 2 Sensitivity of A. niger CGMCC 5751 to hygromy-

cin B
TR E B R/ (ngmL™) 50 100 150 200
Hih A KR ++ " — —

T+ FoRERRE, + FoRERENE, SR kR

22 EHMENARFISRERTELLGIXHLIK

B Al

TEHA A —RERY TS BU R, B 2 x 10" mL™" B ph
M TEMW 250 uL SRRV EEMIE AT B 250 uL
RA, BAHEBE N 1:1,1:10.1:100,1 :
1000 FEAMES], IRATE IM [EAEAR |, 24 CHEE
B 48 h, SRIGHF] CM % AR (B 150 pg/mL
&R B) Lk T, LI R E 1 s, 78
—EVEEN (1 1~1:100), BAEEHT S5HUE
PAF TR L BRGNS, S fbF Ry gz $em , B2
MRE] 10 1000 B, FEAL T ROR R ROmFRAIL. REER
T M BRI 1 100 bR AR, 5H
A4 ) 22 S AT Bt 8 L (P<0.01) . SR ¢
2 1: 1000 BHEALT SO, o8 R R AR
MW, 5B F R i E Y
J5, [R) sl LA e e PR R SR 3L IR AN G i B
s R R

35
30 + §
25 |

20

AL TN

15
10

i

1:10  1:100  1:1000
AR AR T AU AR A AR L

1 BEHESERTEREBERTEHOERILSELK
B oA |
Fig. 1 Effect of A. niger conidia to A. tumefaciens ratio on
transformation efficiency

2.3 FEIEFEDMN ASIREX LR

¥ 4 mL (4goo = 0.8) HUEAAFFEEIK 5 000 r/min
B0 Smin, WA, H 6 mL %A ANFREW
AS (200,400, 600, 800 pmol/L) B IM 1% S5 5
TR, FEA RSB0 45 0 F AT S Al 4558
& 2 iR, AS HePE K 400 umol/L B, ¥4 SR ey,
B A 22 7 BA G2 L (P<0.01).

A AS B HU AAT RS2, 1
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SR AS IREEEBASFITFHALII AT, SR T. 4
AR R AR B HLI A TR, BB AS Rk
JER 400 umol/L B, HYJEa A T TR X 24 fh 25 1) e A sl
Rigfm. ATMT B RAT R Ti Bk N eE
DX G 25 Pl A 1 (R PR SEBRAY L T AS XFHY
AHT B P 10 B 5 R 26 5 sl 1 U, 3
B XL ik, fE—EWREESERIN, B AS
e HE B INEE AL R BB 32 TF, X 5 De Groot 25
PIBFREAE IR —2 [H2Y AS WL 400 pmol/L J,
BEE AS HREE 3G INEE AL RCR BOm TR, HF R ] gE
J& AS BRSSPI R TN, BRIRIL R YR,
[l = 1 AS Ve X B B AR A A — g il
SEEAL TR

40

30
1

\

20

AT

10

0

1

\

\

200

400

600

800

ASHFE/ (pmol- L)

2 FBEFERMAN AS HREXNEU RN
Fig. 2 Effect of concentration of AS in inducing medium
on transformation efficiency

2.4 FHRREBERFEHMNBENEELENZ N

4 4 mL (g0 = 0.8) HUERFFEEW 5 000 r/min
250 5 min, WAERIKR, H 6 mL 4 400 umol/L AS
) IM ISR AR TR, 0T HA 18 mm IR
H.25mL =M. 100 mL =P iESEER
Agoo = 0.8, TEAHRI A SZIG 4514 T AT S fb, 4551
W 3 Fos. BEE SIS AR, ik
Wk EF, 2R A5 H2EE L (P=0.001).

25

I

b \
\\

AT

i 25 mL—=fi

B3 FSRaENEURENFING
Fig. 3 Effect of inducing dissolved oxygen on transfor-
mation efficiency

100 mL =il

I8 AR AT TR 75 3 455 SR I S ) v IR e Ak %
7 e —E 5. B I A S, B AT A
HE RS, 20 MG GE , 35 73S0 , P 40 ) 25 B 1 I
e AR IGERM Y ff T-DNA B2 52 A s F 40
N, S AR AR Y 3 5
2.5 FSHEXNELRERNZIN

¥ 4 mL (4goo = 0.8) HUERFFEEW 5 000 r/min
250 5 min, WAERIKR, H 6 mL %4 400 umol/L AS
1) IM 5S35 R A, KR AT TR TR )
PR HESR 2 ~ 8 h, BiFR S R AR AT T T A o 0 e
— 3, MR SIS T S5 A, 25 R A
4 Fizs. WSS A, 5 A0 A50R A N 3
K, AR 5 h RS, AT I a], #eReg
IR = A N ST ¥ S T S SRS 42 R 67T
6] 255 B G it2Fm L (P<<0.01) . X idB75 S [
SUR IR Ui WAV IS B o s S =W PS S O N7
SR PR A TE TR, RS S EOCE B
PHMESE AL 0 Az, T a6 A 75 S ) 1) S TG 130 75
JIXFEHWFRIE , AR,

i

5
75 ] /h

B4 BHSEEELEAZMm
Fig.4 Effect of inducing time on transformation effi-
ciency

2.6 FHUENTHEUBERNZIN

B2 x 10" mL " SR EE T 250 L, 54514k
TR 2 FE AR AR AT TR TR (Aeoo = 0.8) TRAT, K 1L
B 12100 A ARFENA JE IR | ASPRET 4E i | itk
PR LT 2L | SR AN FR TR & 0 IM [ ARTS S 15 R 5
I, 24 CHEEERESR 48 h, RIFHA£F] CM (150 pg/mL
MR B) ik Ak Eimkie b+, 25 R aE 5 pr
TN, REBRET Y B AL RO B0 AR F A A, e e
PRl R e 2% , Al AT B i 25 5% (P<<0.01).

REGBVE M ALER SR N A IR 2, WJe e
TSR £ Ak B | 39 38 A% S 0 RS A 4t 1o T 22 R LT 1Y
FAR SR RE A S R e, B

N5 ) D A 0T 355 % 5 v B SR ) R i R B A

40

30

20
10
2 4

0

AL T4
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K. ABFTERE, HERET AE A T AR ARAT TR
i SR a0 T AL A B, FLRA T RE R
AR AT AN R A2 R S IR R BE T, 2
AT AN 5 PR M B A 7 RO ELAE T, AT 2 fb
ORI AN AR R 2T A 5 AL OR foe I AT BB #h T
O B 2R A T E AR SR R

25

20 NN
15 +

10

N N

BAFRLT  HTRZT  BARASAR B
i 15 A

AL

AL T

B 5 HEUEN IR LENR
Fig. 5 Effect of transformation media on transformation
efficiency

27 HUTFHRIEREEREEHELEE

FEALHRERL 10 64k, J2BUER 4 T PCR 56
IE, 10 ML TR I SRR B B X
10 ML FH3E 15 AUGRBOLHE AT PCR %
iE, BWEEY ISR B WA B, 45K 6 s,
FEAL T AR R I AT AR A

M 12 3 4 5 6 7 8 9 10 11

2000 by — P :
TP 1 389 bp

I
'

1000 bp . |

M. DL 5000 DNA marker; 1. BfAE#I; 2—11. 7R
Ele6 ZEmE CGMCC5751%4LF PCRER

Fig. 6 PCR results of the A. niger CGMCC 5751 trans-
formants

2.8 WMERHENTSEHRUIIEELIERITLL

W 25 B DR 2R S 6 (1 Foe PG 25 1 A i K B ey 2
1o FEAL L, 55 U0 AL A 0 9256 7 i M A7 %
Fo, SR 3. 107 AT A SO 8
A EFHE 35 A4, HAAEM AR 5L FAE R IR
TP (P<0.01) , BLALRCR I B AR 5.

REBEBREER B35 ol

®3 MURBATENTSELFGEEUER
Tab.3 Comparison of transformation efficiency before
and after the optimization of A. tumefaciens-medi-

ated transformation conditions

oy 2 AL
AL fefb)a
1 8 34
2 7 38
3 9 36
4 10 33
5 8 35
X =S 84+1.14 352+1.93
3 & it

ASCHFANEARFTE AGL1 A PR Y5
AL R4, e HIR AR SR AT B R 45
HZ AL, HE— W0 T AR R AT L Ak (A 2t
LR ETR AT T, Sl ASE IS AN 400 pmol/L
ST A, 100 mL #H75 SHEARFF A AGL1 B
7% Sh, W BRI EA T SRR AR 1
100, FH L8555 0 A il ER 41 4 i, AR R AT AGLI
I AR Y B B UR R AF, 107 AR AT SR
AL FATIR 35 A, ML THLALRT L i, 1k
BORIRE T 78% . KA TR E WK RN
W7, SR T IR 2R TR AR R E B A b
ROCRAG  FERT 2458 5. 8 i WF5E R AR e AT TR A
SRR B AP, SEAR S T % A
AR AL AL i —Se Rt AR AN 2
FRAR R AR —E 225, BX T 22R 1
W LA RGN A TS H M E.
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