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Abstract:
high-efficient screening of polymalic acid (PMA) producing strain. Agrobacterium tumefaciens-AGL1, containing the

To develop a genetic transformation method of Aureobasidium pullulans and T-DNA insertion for

selection genes encoding hygromycin B phosphotase or phosphinothricin acetyltranferase, was used to transform
Aureobasidium pullulans CCTCC M2012223 and transformants were confirmed by colony PCR method. Transferred DNA
(T-DNA) insertional mutants were cultured in microwell plate, and screened for high-titer PMA producing strain according
to the pH response model. DNA walking was used to detect the insertion sites in the mutant. Results show that the selection
markers could stably generated in the transformants, and 80 to 120 transformants could be found per 107 single cells. A
high-titer PMA mutant H27 was obtained, giving a good PMA production caused by the disruption of phosphoglycerate
mutase, that increased by 24.5% compared with the control. Agrobacterium tumefaciens-mediated transformation and
high-efficient screening method were successfully developed, which will be helpful for genetic transformation of
Aureobasidium pullulans and its functional genes discovery.

Keywords. Agrobacterium tumefaciens, Aureobasidium pullulans, transformation, high-efficient screening, polymalic acid
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M A HF I A 5 1k (Agrobacterium
tumefaciens-mediated transforation, ATMT) 1fH
— AR AR AR R AL T, TR R s L
B R Y, 5 R, ATMT
TR HE. AR, HA, KES ATMT 7~
H WAL T 754 B4~ T-DNA (Transferred DNA)
P ATMT J5 354 T-DNA BALE A
BHWARA, WERARE, 2RO HRYE%R
AR R B 2% U 0 B AR G Th RESE IR A7 %800 ik
B, B TR AR RS- R AR W& iU 2 5
PR, A St 7 AR s AR A T T 1) 2 A
Tt FAC T L, JFAIH ATMT 2 28 ke A
Rl T-DNA RAE, 456 KRR pH [H S5 H
SRR 7 R e AR Bl L R e AR gk SR
IR E 77 RS, IRTS— 1tk T-DNA BZIR#EIR T
TR AR (B EL D I S8 A8 bk, RSP IR IR K ey 1
PR T 24.5%,

1 MHETE
11 EHRFIBRAL

I AT A, tumefaciens AGL-1.pk2-hyg
HEWEI SR B BRI (Hygromycin
B phosphotransferase, hyg) FJ X JCZ & pk2-
hyg, HJEARFFE A. tumefaciens AGL-1.pk2-bar
A3 55 R ZR A F S e 8 e Tl e 25 R o i ol
Tk % #% 1§ (Phosphinothricin acetyltranferase,
bar) ## pk2-hyg L% hyg ik, iR R
AR L SRR IR SE DU o BRI
K 1. 2% % Aureobasidium pullulans
CCTCC M2012223 F A 526 55 i e OR 8

1.2 FERFIFG|4
% & B (Genview), Mt T &Ml (Aldrich),

Pst 1 Hind 111

BamH 1 Ttrpe

pVSI
pK2-PtrpC-hyg-TtrpC

1 Wtk pk2-hyg
Fig. 1 Plasmid profile of binary vector pk2-hyg.

RHFE R (Japan), RNHE R (Germany), R
My (Genview). WHEEME (Sigma). HEAM K
(Sigma) 1 H b5t ol = B B AE Y EARA R T A
Al EEEE(PRET Basta glufosinate-ammonium,
phosphinothricin, ppt) W B K& 4B AR
ovw)y SRAARE (PRSI B TRYI S B2 AR
7% ; DNA Walking SpeedUPTM Premix Kit
(Seegene) . DNA ZG 45 3 1A= 1127 1 ML i)
W B TaKaRa. 5 #LIRAIH 34k [ 53 i 4
At G0 1, & B A YR A R
YNERE A
13 BFREREFREMN

BRI AR AT A tumefaciens AGL-1 #:Fh T
YCKIlE-FH (g/L): MRS 10, A S,
FERE 5, MgSO,7H,0 0.5, %ifig 20, RARER
50 mg/L, RIEHFH X 50mg/L, 28 CTHiJF 48 h,
PRBCARE AT 250 mL #RiE55E 24 h =
ODyg0 551 0.6-0.8.

cjb@im.ac.cn



1066 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech July 25,2015 Vol.31

®1 AHMRAASY

Tablel Primersused in thisstudy

Primer name

Sequence (5'-3")

Description

Bar.F TCTGCACCATCGTCAACCACT
Amplification of the bar gene
Bar.R CTGCCAGAAACCCACGTCAT
Hyg.F GAAAAAGCCTGAACTCACCGC
Amplification of the hyg gene
Hyg.R CTATTTCTTTGCCCTCGGACG
TSP1 AATGGAACGAACTGTTTGCG
TSP2 CGTGGTTCGTCGTCTACTATT Genome walking
TSP3 CGTAAGTAACAACTGGAGGTGA

¥ % A& A pullulans CCTCC
M2012223 50T PDA Bilg -t b, 25 CHi3%
48 h PRECR IR FRF 1, W AR R 1R
FiHE (g/L): #i%HE 60, NHNOs 2, KH,PO4 0.1,
MgS0,7H,0 0.1, ZnSO4 0.1, KC10.5, CaCOs
20, FPTRESE 48 h, T 10% (VIV) $ERpRHERD
REEREFREE (g/L): HIAHE 90, NHNO; 2,
KH,PO,4 0.1, MgSO,7H,0 0.1, ZnS04 0.1, KCI
0.5, CaCO;30, #ZJK 220 r/min #5755 4 d.

1.4 HIFRESEHIEE DR MERE
U ZF A R B SR 100 pl ¥ 53R AR
T A AR W B0 % R B 1Y M100
TR b, 25 CHigR 7 d, MEEIFIdsRA
KAE .
15 WRERKHENSEALHFRES
PRI R AT AGL-1 1557 ODggo 2 0.7-0.8,
4 CEEDWAERMK, K EH IM R 3
(g/L): #i %3 M 1.8, K,HPO, 0.3, NaCl 0.3,
MgSO,7H,0 0.3, MES 7.8, 200 pmol/L Z T
i, pH 5.3, HPEHFHEEZE ODgeo 2y 0.2, H5

http://journals.im.ac.cn/cjben

I 8 h i A o WCHEXT B0 H 2R A A A,
THKFBZE 10°-10" 4~/L J5 , B 100 pL 4
SRR AGL-1 IR 5, WA%A
FRIEA KAHALIERR IM B PR -,
22 CHHEFE 60 h, WIMALIERE S 2 56 518
i T (0.5 g/L Sk MBER 30 mL/L B8
5 100 mg/L 8 2 B) 19 M100 Bl Ak -1,
25 CHiFE 3-6 d EHIELAL T, BIENE F
TPk 2 5 A AUE IR L R T M100 AR K: 57
FE1 96 LA H & i -

16 ¥ FEREBERENL PCR IiE

DA AL 7 RE R A i, o 25 A A 5L 4
B A. pullulans CCTCC M2012223 FE[R 4 H%f
B, pk2-hyg #1 pk2-bar J5i ki Ay BH 44 % B
Bar.F/Bar.R . Hyg.F/Hyg.R. Gus.F/Gus.R 5%
R 5 A R 4H rp S A AEARIC I R 7 4]
PCR #fH: 94 CHIAPE 5 min; 94 CAEME
30s, 56 ‘CiBk 30s, 72 ‘CHEAH 1 min, 30 M
Fr; 72 ‘CHEAH 10 min; 10 ‘C{#4%. PCR =14
1.0%35 B ARBE e - F Dk ARG
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1.7 T-DNA ARk A BEIIES BH¥ERER
A

¥ T-DNA 3l A 28748 MR 76 55 i 16 K 7 1)
PDA IRV bikgiinfe 50, MR T5A
RS 75 30 7 AP A LR A KA L, B AR
R ALY, R R B R, LI
ZERAEFE A pullulans CCTCC M2012223 X} i
WRR, PRI 2 A BRI RS R . B
SESLRR =) o0 BT R FH R OB i i, BUR TR
W EWE® 1 mL, A 1 mL 2 mol/L H,SO,,
90 CHE/Kf# 9 h, ¥4 HPLC 4!,

1.8 E[[E4H DNA £#

DA TR 50 UE 1) 8 77 R SRR 9 AR bk H27
K2 i, 2% 4GB 759 1 T-DNA Frid
LR 51U, 514 R ARic 5L K 31 F PtrpC
S F 45419 TSP1, TSP2., TSP3 il DNA
Walking SpeedUPTM Premix Kit i 5] & H (1B
L5 1¥) DW-ACP, DAZEAEHR H27 BEDK 4 WAt
2 =5 0 PCR ¥ I MIFL 751 . PCR ™y i [ml
WOE, A RIERI T, BT 51 5
125 A. pullulans CCTCC M2012223 K&K 4 47
Fbxt, DABASE T-DNA 3 A7 55

2 BRE5AM

21 HEFEEEFIEEDSRMRE

SR T 2 A D AR U Y R )
A L TR MR, DA ECRA RE 5% 5 F 4 3 4 551
FEEREANNEE R B N6, HET A
PRAEAS TR0 ) 700 v B 2 T 2R R O, &5
Wk 2 P, FEEBEMRE R 30 mL/L B, FER:
I 4 d WREA RN T Z0MLAE K, 55 7 R IR >
HEIU/NEV ; W% R WETE 100-300 mg/L B,

A58 A A A TR AR AR K o TR O e U
30 mL/L M3 B WK 100 mg/L R #0ifil i 2F
T AR K A e AR VR B
22 WHiFimik

LA R B Ny, SEF A A AT
WAL W 2 Fr7R, M100 BEAgF-# 15 57

* 2 FARIKREHEER B MERBIHFEEEN

EKIEER
Table 2 Inhibition effect of hygromycin B and
phosphinothricin on the cell growth of A. pullulans
Concentration Time Inhibition®
(d)
2 4+
10 4 -
7 -
2 F
20 4 =
Phosphinothricin® ! N
(mL/L) 2 -
30 4 4
7 —
2 i
40 4 +
7 4
2 4
100 4 +
7 4+
2 4
150 4 4
7 4
2 F
Hygromycin B 200 4 3
(mg/L) 7 .
2 F
250 4 4+
7 4+
2 4+
300 4 4+
7 4+

a: weedicide liquid Basta glufosinate-ammonium; b: 100%
inhibited; +: inhibited; —: growth.

cjb@im.ac.cn
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2y 6 d JEALIEIE B RT LR, Bk
16 BR A i 5 2 10 75 b 7 PEA T 76 PCR B iEbric
FERUR A4 A R R LR 4, o 14 BRESY
HARICIE hyg, 5 87.5%. XL T AT T
T, 455 JLIREBLECR R, RFFE N1
2R A E R AL AL ACR N 107 Al m 3k
7% 80—120 61T

23 HAFERELAE PCR WIE

A PEH 5 R 7% PCR % ) 0940 B e s A
Ui R WL TIRBGE R A, 43 FI%hric %
I hyg. bar #1793, AL b BRI 5 A
PEXT HEAR R 257 (B 3A), REARCRFE D
LA RERNA P, UUTGE B HEA bar frid
FER AT N bk, FRREAL hyg dRicddt
P, R8T A B 4 G 2 A b il 2k I B b
(K 3B), JEF AT LISCELN A 3 0 2 W%

U

2.4 T-DNA T FESH ik

R T 18 AL T AL T LUK T-DNA BAL
AR E EILFEL MRS — B i %
AR KR, X 2 58 AR Bk A 5 R 41K A7 S A
DNA W4l AT T e 5 R AR MR ks

A B
: : bp M PC

GEAFRAEAS A ) B 2 R BBl (B R L 1 i
Al 5 AR HKAR BETE T i 55 28 B B 1 T Al
AR, FBHHR AL T-DNA 0] DUTE 1 2F A 5
AP REmf, H2FMME A pullulans
CCTCC M2012223 J&AS PR BIL i 8 AR A5 1) 2R
R, BT RFERBR S T 450 iy 59
MR 3L (-COOH), SBULEER EMRYEASAk ., 8
LRI pH $5 78 7 IR H By SR 55 3R &
BLUNE 4A 7R, S48 bk Kk BV (0 H 4 €6 ] 5
ORI AR L, R B D pH (HRE— & 7
J b 5 e B R P R R T RS S o AN IR i
DR R B, Hh 2R R R R T A TR R o
RRPRR, HKAIR. L. RNREHR
MR, FLEZSIR & RE e, Mk, wrasr & i
T pH B 55 0B VR 32 A i) S A Y
x=4K; Gy +yK,-C +K,, +K, -G, +K, +
JK;-C+K,, +K (1)
y=-lgx (2)
L, x AT y o pH; Ko AE
IR B WA Co WRIRMUKE (g/L);
Ki=107% AL BB B W28 C W FLBR R MK B
(mol/L); Ky=10"*" R Z MR B8 ; C, WLk
MUK (mol/L); Ky=10"2" Sy B 31 it 5 4L 5

Transformants colony PCR

B2 FHUEFHMMFERER PCR

Fig. 2 ATMT results of A. pullulans CCTCC M2012223 and the identification of hyg gene. (A) Screening of transfer
membrance based on the the resistance of hygromycin B. (B) Colony PCR of hyg gene identification. M: DNA marker; PC:

positive control.

http://journals.im.ac.cn/cjben
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Transformants

1000
750

75O—

100 mg/L Hromycin B
30 mL/L Phosphinothricin

100 mg/L Hygromycin B

B3 HLFRImZmERARICERE S

Fig. 3 ATMT results of A. pullulans CCTCC M2012223
and the identification of hyg, bar and gus gene. (A) PCR
identification of hyg, bar and gus gene. PC: positive
control, NC: negative control; M: DNA marker, a: hyg
gene identification, b: bar gene identification. (B) The
resistance of transformant on the plate containing
Hygromycin B and phosphinothricin confirmation results.
Control: A. pullulans CCTCC M2012223; pk2-hyg:
transformant containing hyg gene; pk2-bar: transformant
containing bar gene.

Cs WIEIAMRBRWESE (mol/L); K=10"* Jy K &g
TR KRB W IR R B I 4 LU A5
Fike, MEMZYL Co LA R y (8, fRAL
X (1) F (), AR TE AT, JEZ
PUFIAT B A B v SRR R W 5 A58 pH {H

BRI o ASE R (] 4B, 2 HH it 25 58 S SR i e i 44
hn, PEE pH {ER F RS, Hit, FEFmn

B
7.0
-=— Experimentation
6.5 o
Model
6.0 y=—logl0 (sqrt)(axf)-b

-'_ a=1.45751691272959¢-8
55 .I- b=3.2990e—6
% y=pH, /=PMA concentration (g/L)

5 e
0 0.010.020.03 0.040.05 0.06 0.070.08 0.090.10
PMA (g/L.)

- 465- 376- 345 3.13 423 345

343 357 489 4.09

457 3.57 3.34 3. i : 513 3.14
4.78 49 3.43

312 367 446 446 1_5,33‘ 356 PH
445 509 345 5 446 498 3.56 3.58

379 378 457 417_455 412 4.14 431 478

3.73 398 487 398 426 446 432

B4 WFLREZFEESLER pH ESRERRIK
e R 2 1L

Fig. 4 Relationship of PMA concentration and pH
value in the microwell plate. (A) The color change of
fermentation broth in the microwell plate. (B) The
response model of PMA concentration with the pH
value. (C) pH assay in the microwell plate.
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B, AT e 0 R AL AR P RS SR B pHLfE, A
N R PR = 77 RALAR W AR DS (181 4C).
MR AL AR TR 25 2R, BEHLBELE 14 k&
hyg Hric 2 R e AL 5 EA T B & IRERIE , 45
Wl s s, SEIAERAE, K22 T-DNA
A SRR R8T R, 1 H27 SRk

B2 H R Ak 2,3- i H Y. S
IR, R E 2 TCA MR IEK
SERBE AR, AR H27 BT R AR
I G SE IR T R 2 e i 1,3- Bl R H v R )
3-WETR TR Ak, S SO0E I A A Qa3
P RS IR R A B o

RAERER KB R iA T (29.60+0.88) g/L, i
KR T 24.5%. KPR A T-DNA i AJ5 2,
S8 ZREAL T RPN R AR sl

25 T-DNA AR H27 BRFEB LSRR OH 5261
A T-DNAHRA G AR 2T AT NALE R 2]
S, WA 6 B, T-DNA MIEP-#Es 2
657 bp h B, SAMREAEMK A pullulans ol
CCTCC M2012223 FEPRAM P HE b v, K 18]
g3187.t1 JEH (BEfR H MRS i, EC 5.4.2.4) [
LA HE B R
g3187.t1 FEHGIGIX 4K 2 220 bp, ZihY
739 NI, 75 1 794 bp &4 A T-DNA.,
P2 I TR A2 L il L6 R IR B v, e 1,3- %
A B
f l Glyceraldehyde-3P bp M H27
©

Glycerone-P

32r
30

16
(;09\‘0\‘20/ 0 W RIS
Strains
5 T-DNA #iANREXRFERE LB~ 2R
Fig. 5 Effect of T-DNA insertion on the PMA
production.

>0
A

1.2.1.12)[1.2.1.59

Glycerate-1,3P,
o

O«——

X Glycerate-3P

5.4.2.11))5.4.2.1

Glycerate-ZP?« —————————

Carbon fixation in
photosynthetic organism:

agttacagtagaagacagctg|TGGGCGGCGCATGCTGCC|

6 HIFEEEMAREH T-DNA M55 REIFERE
Fig. 6 The flanking sequence of disrupted gene in T-DNA mutant H27. (A) Disrupted gene mapping to KEGG
pathway (red). (B) Flanking sequencing of disrupted gene g3187.t1.
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it

ARSI R, L AR R AT R AR
%Hﬁl‘ﬂ? DNA }#&‘ﬁ/—\?ﬁltﬂﬁﬁﬁi’é%ﬁ*

A, FL AR SR O A S A SRR AL
Eﬁ 50 /%A | . Zhang Z5PHRH i’ii*? Pl
Y A K Lecanicillium lecanii 8t 14 ¥4 4k 5
e, HUELE] T T-DNA ffi A 5 A8 bR AN [ 32 1Y
254k, Tzima ZUOVR IR R oM AR C, LA
PEIGEE 1R FE R AT T AR AT A T A AR A
k%A Thielaviopsisbasicola izt f&45 4k i, Lin
SGURE TR . BRER . RLWE
RS IO S T AT B A 5 Y B 21 A i BE
Rhodosporidium toruloides j# &1k, 4 10° 4
LS 400 NEEALT o AS SIS LI A R T B
Wl Sk U 226 s 7 2 o7 AR AR AT BT = P o 2
MRS, B 107 405 80-120 4
A, BARGENEAARE, ATt E—
EENIVER/S UL S

AT A H 25 A 7 R DR 2 /K- A T g A 1
YRR B U™, 3 B s D T 2 S A A g
PR A B S AN T A, A% G D A AR gt
FREFEACRCRARTS o F AR R AT A T 1038 4%
ALy A i T-DNA 4 A A8 SO, i 285
A2 A ) 1 S RE L RAZ e SR I A1) . s
2 g i T-DNA 17 A S8 1%, B i Bk
e B 4 2 0 2o B S I 5 2 A T2 5 O P B 0
3 ke e o v T T R 92 S5 3905 3 AR A Bk
161 BT T-DNA FEHLIG A AR K, I e AH G
FEIH . A H 2 A TR 119 4 i LR A e 5
B2, AB SRR 1 2E A AR A T-DNA 2878 i
K RO Tk, W R e B A B DN 21 4 56 1) 2R

ARRRIR I . BRSERR A B T RE R K2 i B
PEALA A B S L2 At

ﬁw-$%i%mi%ﬁﬂm&%k#i%&
RAKFQRAKERR AN, F55E2k4EF4
wi@&,ék*ﬁﬁﬁéﬁl
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