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B EAIFTIETERETLARANEAERRERR, 24 £ oL R IKF A,
FRAF L RN B kA =, [Be9] BEIRALBERENS, ROEFTEREEHNRFRR ™ E.
R ERAE TR, [FE] RALR LR RAET S Fa85 BK-10 H A FF
R B EGIE SR, Bid Plackett-Burman kst3g i 04 ik B E M Ha B &, it
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100 g/L #&#%, 159/ f%, 020 gL KH,PO, 0.20 g/l ZnSO,, 0.05 g/l MgSOs, 0.75 g/l KCl,
30 g/L CaCOs, 0.01%¢v+i%-80, & iR E 26 °C, 250 mL #&#% %% 50mL. [## ] @itk
o, RFRBROIERIEIEILS 071 g/g, & FIRELF 089 g/(L-h), BHLAMHARST
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Optimization of fermentation conditions for polymalic acid
production by Aureobasidium pullulans BK-10
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Abstract: [Background] Bottleneck problems such as poor yield and low productivity had been
hindering the progress in commercia production of polymalic acid from glucose by Aureobasidium
pullulans. [Objective] To enhance polymalic acid yield and productivity from Aureobasidium
pullulans BK-10 by optimizing the fermentation medium and conditions. [Methods] Single-factor
experiment, Plackett-Burman design and orthogona experiment were adopted to evaluate the
importance of various fermentation medium ingredients and optimize kinds of fermentation
conditions. A 5 L fermentor experiment was conducted to verify the above optimized conditions.
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[Results] The optimum fermentation medium consisted of 100 g/L glucose, 1.5 g/L urea, 0.20 g/L
KH2POy, 0.20 g/L ZnSO,, 0.05 g/lL MgSO,, 0.75 g/L KCI, 30 g/L CaCOg3, 0.01% Tween-80, the
optimal fermentation temperature was found 26 °C and the optimal working volume was 50 mL of
fermentation medium in a 250 mL flask. [Conclusion] Yield of polymalic acid from glucose
reached 0.71 g/g with an increase of 18.33%, and the productivity was 0.89 g/(L-h) which was
increased by 71.15% as compared with the unoptimized conditions. These results show great
economical potential for commercial production of polymalic acid even or L-malic acid by

fermentation from glucose.

Keywords: Aureobasidium pullulans, Polymalic acid, Fermentation condition, Optimization
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1.3 BRERBNERZ

B 10 mL &% T 10 000 r/min &5.0» 10 min
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Table 1 Factors and levels of Plackett-Burman (PB)
design
Code Parameters Levels
Low (1) High(+1)

A Glucose (g/L) 70.00 100.00

C Medium volume (mL) 50.00 70.00

E CaCO; (g/L) 20.00 30.00

G Tween-80 (%) 0.01 0.05

J Carbamide (g/L) 1.00 1.50

L Inoculation amount (%) 8.00 10.00

=2 EXRBEE L A)KE

Table2 Factorsand levelsof orthogonal experiment

Levd AMOSO:s  BKHPO,  CZnSO DKCl
L) 9L) L) L)

1 0.05 0.05 0.05 0.25
2 0.10 0.10 0.10 050
3 0.15 0.15 0.15 0.75
4 0.20 0.20 0.20 1.00
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% 30mL FhFRsFEEH, 26 °C. 220 r/min K535 48 h
Ve —Gfh 7. B—H%FhT 1 mL 35T 300 mL
R i35, 26°C. 220 r/min $55; 48 h VE R —
KA. #4300 mL R FI RN 2R A 3L &
T IR by 5 L ATEmErh . KW B i
600 r/min, #“< 200 L/h, 5535 A ke g R 2%
KRR, KBTI 5 000 r/min .0 10 min %
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H’.%%ﬂﬁ@ BK-10 M Hd ikl . Feid B 3
HRIBEA PR R o X HFOE IR AT 505, e
M. JRZE . OBRERES . mhE-80 AUFRIE R A Bk
100.0g/L. 1.5¢g/L. 30.0¢g/L. 0.01% (JF AR ).
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Figurel Theresultsof singlefactor experiment of PMLA producted by A. pullulans BK-10

W A BRIE; B: MIAMHRIEVWRES; C. AR; D: JREFCGEWKE; E: RIRESHE; F: nhill-80MkfE; G: #EFhEL; H: .
Note: A: Carbon sources; B: Glucose concentration; C: Nitrogen sources; D: Urea concentration; E: CaCOs concentration; F: Tween-80
concentration; G: Inoculation amount; H: Medium volume.
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MRS . REFRIE | RSV R i S5
R85 e 2 A2 BK-10 [ feid i
FREMR: it 48 h, HEFRIEE 26°C, KiFE 7d,
LW 20%, FEFIE 10%.

i LA G G R IR SR R I R R 4
PEFTIIESEES, FeZ R ik 8] 77.48 glL,
Ak RIRF] 0.69 glg, BHLALETIES T 54.36%:
2.2 Plackett-Burman (PB)i&1t3258 45 R

HHE 2 1A Minitab 17 4F453) PB 5256153
& 3 158] PB Wit B 3K LASEON PEA
(& 4. MFE 4 TR | AR B R

% 3 n=12 #4 Plackett-Burman (PB)32I&i& it 5l E R

SR R BK-10 RSERER S A AT {5 K
F 95%, KFEEEKF.
23 FTHIEMIERIRIELE

3t 2 F Minitab 17 B33 Loe(4Y) 158
W, IEASIIR LSRN 5 R, M2y
BT AT LA 31 52 M 2R 52 SR R % e 1) = Wk R R 4K
N KHoPO,>ZNnS0,>MgSO,>KCl, 4 KH,PO,
WeBEH 0.20 g/lL, ZnSO, ¥R 0.20 g/L, MgSO,4
WJE Sk 0.05 g/lL, KCl¥&REE R 0.75 g/L B, RE
Ry r-Ekem, SHENREHLE R
B4C4A1D3,

Table3 Experimental design and response of Plackett-Burman (n=12)

Serid number A (B) C (D) E (P

PMLA conversion (%)

1 -1 -1 -1 -1 -1 -1
2 1 -1 -1 -1 1 1
3 1 -1 1 -1 -1 -1
4 -1 1 1 1 -1 1
5 -1 1 -1 -1 -1 1
6 1 -1 1 1 -1 1
7 -1 -1 -1 1 1 1
8 1 1 -1 1 1 -1
9 1 1 1 -1 1 1
10 -1 -1 1 1 1 -1
11 1 1 -1 1 -1 -1
12 -1 1 1 -1 1 -1

-1 -1 -1 -1 -1 34.6
1 -1 1 1 -1 55.8
1 1 1 -1 1 59.5
1 -1 1 -1 -1 432
1 1 -1 1 1 38.6

-1 -1 -1 1 1 54.3

-1 1 1 -1 1 44.3
1 -1 -1 -1 1 55.6

-1 1 -1 -1 -1 51.3
1 1 -1 1 -1 421

-1 1 1 1 -1 56.1

-1 -1 1 1 1 50.1

% 4 Plackett-Burman it B9& FE FH K RS IEN

Table4 Factor levelsand effect estimates of Plackett-Burman design

Levels
Code Factors t value Prob>t Importance
Low (-1) High (+1)
A Glucose (g/L) 70.00 100.00 11.59 0.000 1
J Carbamide (g/L) 1.00 1.50 473 0.005 2
L Inoculation amount (%) 8.00 10.00 281 0.038 3
(03 Medium volume (mL) 50.00 70.00 2.25 0.074 4
E CaCO;s (g/L) 20.00 30.00 1.88 0.119 5
G Tween-80 (%) 0.01 0.05 0.60 0.577 6
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#5 EXREERSHH
Table5 Result and analysis of orthogonal experiment

*6 MUERMSL AEEGE

Table6 Fermentation of optimization in 5L fermentor

Code A B @ D  PMLA conversion (%)
1 1 1 1 1 22.64
2 3 3 1 3 55.54
8 4 4 1 4 47.66
4 2 2 1 2 40.15
5 2 4 3 1 61.24
6 4 3 2 1 60.29
7 3 2 4 1 43.84
8 1 4 4 3 65.98
9 4 1 4 2 50.51
10 1 3 3 2 39.64
11 2 3 4 4 62.33
12 2 1 2 3 23.22
13 3 1 3 4 32.01
14 3 4 2 2 56.64
15 4 2 3 3 21.34
16 1 2 2 4 28.00

Ki 39.07 3209 4150 47.00
Ky 4673 3333 4204 46.73
Ks 4701 5445 3856 4152
Ks 4495 57.88 5566 4250
R 794 2579 1711 548

i AL G B 35 R B T IR SE 0, AR
SRR A S 79.23 /L, #kZiA%] 0.71 9/g,
AL HTHR T 58.84%, K EEFIMH 7 d 4 =
5d, 4 smEAF] 0.66 g/(L-h), B LTS T
108.19%.,

24 5L ABEEESIGIOE

G LRSI IR R 6 #F17 5 L K EERESS
IR, 45 R IR Z A4 DB X RS SRR (7= i
B e T, (A LA DB R SR A T B e
FEREFRFLH NI 0.01% 7R -80 X BSR4
BAAEIEVET, (EUEXTLLAE B R R A & e b S i
RN T IR, SRR T A R

Tween- Time Biomass PMLA Productivity

Cabamide “gy ) (@) (@) (@) 9909
NH4NO3 = 136 64.2 71.20 0.52 0.60

+ 146 66.7 80.57 0.55 0.69
Urea = 136 67.2 76.57 0.56 0.67

+ 112 718 78.71 0.70 0.70
Beef extract — 88 711 7871 0.89 0.71

+ 111 56.3 81.59 0.73 0.70

M 6 5 R A, FEREFRILAL 43 100 gL
W, 1% E, 02gL KHPO,, 0.2g/L ZnSO;,
0.05 g/L. MgSO,, 0.75 g/L KCI, 30 g/L CaCOsHif 5L
REGER SIS A5 AR . WA 2 iR, LR RS
IR IE R 78.71 glL, WR¥L L% K 0.71 g/g,
A PSR EE N 0.89 gl(L-h). 5 3CHR[12]4RE A e
R, BRI AL RIA P B Al B 1
29.09%7/1 20.27%.

3 ik

AW T 2ERAEEE BK-10 KRE R
RERINEE SR I S PP TR 25 198k BK-10
PR B Bl B R 34 7 MOl B 9 4514 100 g/L
A, 15 g/l JRE, 0.20 g/l KH,PO,, 0.20 g/L
ZnSO,4, 0.05 g/l MgSO,4, 0.75 g/L KCI, 30 g/L
CaCOs, 0.01%t7%-80, Fhiy 48 h, JEFRIRE 26 °C,
%95 5d, 250 mL =AM 20%, HEFlE 10%.

e DO » PMLA .

150r 20D, v pH 180 75
oy 160 47.0
S
CIS .
== 140 5165 F
=f= ©
= 120 46,0

0 Jss
0 0 80 100

40 6
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Figure 2 Fermentation of A. pullulans BK-10 in 5 L
fermentor
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PALSE R R 1l i5%) 79.23 g/, HHibRik %
0.71 g/g, A r=sRE k] 0.66 g/(L-h), 2 HIEAAk R
PER T 52.10%. 58.84%71 108.19%, ifij H. /A& 1% )&3H
M 7d4i% % 5d.

R R R SRR PR IR A S L R TR I
AT T IUE, 25 RIS R BRI T
1. —J7 TR % M\ 0.60 g/g #2712 0.71 9/g,
PE T 18.33%; i — i mnE S Lk dR s T A
175 BK-10 [ & TR, SR 140 h 45 2
88h, A IR 0.52 g/(L-h)#&F+Z 0.89 g/(L-h),
PEim T 71.15%, MERREL LR A AL R FE ) E
B K
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