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Effect of Starch Raw Materials on Pullulan Polysaccharide
Biosynthesis and the Underlying Physiological Mechanism

PAN Zhenqing, ZHANG Bing, WANG Shunmin

(College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, China)

Abstract: In order to investigate the effect of different starch raw materials on pullulan biosynthesis by Aureobasidium
pullulans, the starch derived from such crops as cassava, corn, potato, sweet potato and wheat was separately used as carbon
source for fermentative production of pullulan polysaccharide. The results showed that cassava starch was beneficial to the
biosynthesis of pullulan polysaccharide, and the maximum pullulan yield of 23.96 g/L was obtained. Sweet potato starch
was not conducive to the biosynthesis of pullulan polysaccharide, and significantly (P<0.05) reduced the yield and
molecular weight of pullulan polysaccharide. Moreover, the analysis and comparison of kinetic parameters and
physiological indicators involved in batch fermentation of pullulan polysaccharide was carried out. It was found that
cassava starch increased the activities of key enzymes for pullulan polysaccharide biosynthesis and intracellular contents of
precursor glucose uridine diphosphate, thereby improved the cell biosynthesis capacity and yield of pullulan polysaccharide.
However, sweet potato starch increased the activities of pullulan-degrading enzymes and significantly (P<0.05) decreased
the molecular weight of pullulan polysaccharide. The cost of carbon source for batch fermentation of pullulan
polysaccharide was evaluated. The results showed that the cost of carbon source for the biosynthesis of pullulan
polysaccharide from cassava starch was only 56.6% of that from glucose control group. The results presented in this study
would provide one feasible technical reference for the cheap and efficient production of pullulan polysaccharide.
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TG 22 2B —Fh i 2R R S (Aureobasi-
dium pullulans) ¥-58 & BEG NI 43 Wb ZEEA MK E
PR 2PN, Se eI, BA R
A AT AR B A, AT TR Tl . 2006 4
5 A 19 H, PEEBEZR BAEIEALE 8 SN, iy
B2 2B RESIINRIC, eAh, L 2 e 4
JIZR TR B2y SRR & 51 Z2 g,
Hilge ke H amigk.

(B 2 2 A )G i R b, D 2R A
FHAEIPESE TR FANEIS Y R, 28 o185 PR i 20 H ST A g
(a-phosphoglucose mutase, PGM ) FIFRH —BRA 2505
FEBERR L (UDP-glucose pyrophosphorylase, UGP)
1AL G LT AR BT PR — @2 %55 9 (uridine dipho-
sphate glucose, UDPG), T2 ILFE 2T (gluco-
syltransferase, GTF )/EFH R -G 6 = 45, 4n
S e e A P AR S [ I S PR PSS S WS = N
T RYAETE AR, Hoh B S RESS Y BT S R T RO L
Gl Ak, A A FH R 04 SR CANTE RS ) #E4 T &
A 77, DT SR 6 = 2 i A 7 A

FREUETER TR R A 7R, BEA R B ISTEM
RN ShAS T AT FOK | /N AE, A RS
VER T JEURHUN A 38, S e gty o ot B SRR L M
EAREEORIATY, 0T LU FIERBE | 2 m | &0 45
AW S R R . CATFER IR, TEM TR
BHETT AR 3G 2 2P A S 8. An &80 [
JHEE B ey PO R SR R e 6 =2 22,
AT 54.57 g/L ZHir= B0 RIBHE 4658 T & IR
] Wu G502 R L S5 0E 0 R AL a2 2, £
Bl Rl 29.43 /L, H 4TI W T A RE
WEANRI R BT SRAS 220 . BRI Ah, fif DL HAt e A
JoT SR A CRE A sl R A5 A 22 2B A DGR
G, MR BERL R i -6 2 222 E W) & il 2R 3L
B R DRI .

SRk, AR SCRFSEAS [RIVE M o SRR A 6 2% 2
AWE P IVE, B SRNR S J7 2% . SN TE
PR HR AR A 7K S5 A B X U A IO TR} 5 i
2= 2 AN T A B LRI B TR AT, IFE el SR
B R = 2B B e R A TR R T AT I ROR
=%

1 #MRERFE
L1 MRI5ER

HZEEEER(A. pullulans ATCC 201253) —70 °C
BRI VKA H R0 AR TER . EoKVER) . ST
B . LLBETERM RN TER (BER & B EIAMILT 99%),
A BERRRy A TR TR () A A
Al BREREE . DRI B . BRI A AT . ki B4R
b2 15R4 BR 2 Fls PGM. UGP . GTF B il i i
Mg iR YR A BRAS R P iR dk:
20% (w/v)FTit 57T, FiAIHE 20 /L, AH4R pH; KL%
FEFRRE: AR 50 g/L, ilREL 0.6 g/L, BEREKY 3 g/L,

WA 4 5 o/L, @Ak 1 g/L, BiliiE 0.2 g/L, pH6.5,
BIOTECH-5BGZ & Il i LR24 Wik e
T AR HZ-2010K fHIRFRAE K ETER]
RSN EF A A BRAE]; LD5-2A B0l dbaist
SEELODPLIAA BRAS E]; Te st 22 8840 A] W40t Tt
JbEEATIE FHAY AR BRI F]; Waters 1525 157
RORA I 25 FE Waters 23 7] ; LDZX-50KB I
Wi R T A .
1.2 XFEE
1.2.1 FpFRE3E KA 1 mL BEFIE 1S $2F
AEH 50 mL ISR =S, 7E 30 C
F1 200 r/min FEIRFEESE 24 h &R+
1.2.2 FRIARE 3% 10%(v/v) EERP &, KR
Fh A 50 mL R FERFFR B0 =M, T 30 °C
1 200 r/min ¥ERAIEFE 72 he
1.2.3 bR EE % 10%(v/v) BUIERR &, B b 142
FhEAILE 3L AME IR LS, 7F 30 C.
400 r/min FIIE <A 3 L/min £ F 347504 & s
A RIS FER )0 B ESURE, A5 b £ A B S A 2 i A=
K s A S
1.2.4 W22 A RREIIE B S mL R,
12000 r/min B5.C» 10 min, 7578 40 i & 3 &% T
5 mL #AbHR (5 g/L %%, 0.2 g/L MgSO,, pH6.5)
H1, F 30 °C. 200 v/min ¥EIRF AL 3.5 h, K]
22 2B i, VA 2 2 G e T
1.2.5 622 SRR ARG RN E B S mL R
W, 4 °C . 12000 r/min B0 10 min, B E3ER - 558522
P RESR A, T 50 °C RV 3 h, e VAT
TE R IR R IE . —BR S 2L 2R A
WS PERE AR BT 1 pmol F A 2 521
1.2.6 &2 PG R OCEERF S M E  PGM.,
UGP. GTF i R A S T, e i fn2E
RS UL U T o
1.2.7 4T, &5 L2 B EN e
B 20 mL %&£, 12000 r/min 5.0 20 min, 40 }I7T
VEFHZRIR/KUEM: 3 IJGTE 70 C Mt E{HE; 17E
WA 2 5 ARFUIGK 2B, 4 °C B EALEE 12 h,
12000 r/min &5.C> 10 min, ¥ULHE T 70 C L+ =18
5 U AN 2 2 A A S L Sk
[15]c & 220 FE AN E RHFE RN, B
10 mL i B fa B35 & 22 ZHOKIERS 5 mL BRFR e
W (0.15 molVL) ¥ 8% & 5 [CAG T, 30 °C F 5es3
TRA), RIS 4 2B e B A NI i sh
AsTa], P10 22 2 4T o
1.2.8 Jifipy UDPG WllxZ PN UDPG & # il %
FH & 20 AR (63% (HPLC) 5 . 3% 44 >4 Supelcosil
LC-18-DB(4.6x250 mm, Sigma-Aldrich 2\ 5]), i3l
FHA 40 mmol/L. = Z Wi - £ FRE 2% hiE W (pH6.0) , Tt
# 1 mL/min, B 254 nm, £#E77 25 €7,
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1.3 HuEali®
BT RS B K s $4 o 3 ZH A SR i S 2
{EL, BT 53t A e S0 R a4 g P S S5 SR 1) P32
i R SPSS #AXI R A TS, K n ] {55
R RS HEA T4 0T, 24 P<0.05 B A R .
2 FEREDR
2.1 FRIEHFREREE = SREE SRR
IILISRIE T AR £k LhE | 2LV
AP A A R IR, B RIS T AN RGE
A3 IS ORI HH 2 A A AR ) 6 il 5 22 20 i AR
L, 85132 1 s T RE Y, A pes gl J T
AR AR 22 22 S, R LS I R

TR R AR, A AR A 522

WP, SR PR ATRE YT R AR EL, H 2RSS A RN
RS FRIER G 0SS 2L 2 o TR R T
[, IR LA SR A& S G L 2T E R A
XTHEZHIY 37.2%

1 ANFITER ORI 2 A S S

Table 1 Effect of different starch raw materials on pullulan
biosynthesis

B Mg TE  HE2ZhE e Zhis TR
(g/L) (g/L) (x10°Da)
RETER  10.76£0.39° 22.11+0.72° 1.02+0.07¢
FKIER  10.56+0.37° 21.44+0.62° 1.22+0.05"
DA ETEN  9.86£0.25° 18.64+0.32° 1.18+0.09°
CIBVERY 13.48+0.32° 12.96+0.37¢ 0.54+0.03¢
INEVERY  10.28+0.56° 19.28+0.44° 1.09+0.06°
Gk 9.22+0.28¢ 20.58+0.56" 1.45+0.09°

T FFAPOREING PR 22 5 .35 (P<0.05); FRHARRYCE 22 2R i
F(P>0.05).

22 BEZZEIOHUABIIESHR

TE R BERE 0] HH 2R R R R EA T 1 R, Al A
ASTRIGEA o R G Wl 18 2 22 B Atk A e R 4n
B 1R, 25 R B RSB B B g Tk 20
PR A AR TE R AR AT T BAT 2R 2R 1
FRAEE, (BRI L0 by i 2 I o B B, ok

20234 6 A

A 16

~ 12t

2

=

gl
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=

§ 4l —— REWEH - KR
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—— NETEM —o— MK
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Fig.1 Batch processes of pullulan polysaccharide production
using different starch raw materials

B (14.14 g/L) Lb AT 208X RE 4 Y 46.3%. 2R,
2 At R FH 21 5 08 By & A S 22 200 B R IR
(16.85 g/L), LLX FELEAR 25.4% .. FIFHARZER-&K
a2 SR P s (23.96 g/L), A HALLERS
B R 2 2 i S X R A EL A B B 2

F 2 FAIRIETE R BUSURHS B 5 22 2B it R R B 2R

Table 2 Comparison of kinetic parameters involved in batch pullulan polysaccharide production using different starch raw materials

RS REVERY FORVERY e LT ETEM INZZTEMT A

T KA TR (g/L) 10.77+0.26" 10.53+0.25" 10.87+0.42° 14.14+0.29° 10.8120.35° 9.66+0.27¢
G 22 S M= (g/L) 23.96+0.36" 22.55+0.39° 22.72+0.54° 16.85+0.42° 22.15+0.45 22.59+0.27°

W 22 SR KT (x10° Da) 3.2140.13° 2.33+0.15° 3.27+0.17° 2.25+0.48° 2.8240.36 3.96+0.28°

W 2 WA F i (x10° Da) 1.19+0.17° 1.25+0.23° 1.27+0.12° 0.33+0.03¢ 1.19+0.13° 1.59+0.19*
SER AN AR KA (h ) 0.042+0.001° 0.039+0.001° 0.038+0.002" 0.044+0.001° 0.041+0.002° 0.040+0.001°
TR 2 A B (h ) 0.106+0.001° 0.086=0.001° 0.092:0.002" 0.056+0.001¢ 0.086+0.001° 0.085+0.001°

s (g/g) 0.22+0.01° 0.21+0.01° 0.2240.01° 0.28+0.01° 0.22+0.01° 0.19+0.01°

a2 2R (ge) 0.48+0.01° 0.45+0.01° 0.45+0.02° 0.34+0.01¢ 0.44+0.01° 0.45+0.01°

YRR (g/L-h) 0.16+0.01° 0.15+0.01° 0.15+0.01° 0.21£0.01° 0.16+0.01° 0.13+0.01°

Wt 2= WA AR (g/L-h) 0.40+0.01° 0.33+0.01° 0.38+0.02° 0.2240.01° 0.33£0.01° 0.30£0.01°

1 FAT R RDVING TR0 25 5 35 (P<0.05) ;s FRHHRC R 22 58 .35 (P>0.05) .
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L 22 ZNEE Y S R O L B E BRI 127 -

5o WA, FHFER BUSVRIN, 16 22 220 e i o0
TR W ST R, AR,
LUREENT A A5 22 2P S T/, HAT 0.33x
10° Da.

AR 2 RIS L L R RS 12 SR
ATLAFE Y, 2P AR M LD PR e, S35 Hedn
A R R A, ks IR BRI AE R BE T . S IKE]
iF, 2B E R A RE RN, -39 HE 6 22 25 %
TR e, PR A ) 6 22 WS BRE T 5 SR,
AHAE A LTS FERTIN, P34 P 22 22 5 i A
i, B G 2 2 Rl 28 b, 20 R
IRAA T A AR, AEASH T55 22 20005 0, T
AFBVEB AR TG 225 . I, ANFETEs
JB ORI HA 2 R A R 240 i A A AN 22 25 i
SN EA W E 2255, DU R AR BEATLA Y £ B X i 2
ZES I R A TR
23 EMRERZIME S =S EE YIS RV EIRIE
2.3.1 WE LG A T MG 2
R M-S 5 22 2P0 RE ) S5 22 2 &
JIGH AT B v (R IEAH OGNS, T 22 ZE A
PR E 36 22 22 W 0T R RIS, AR i T 175 A4
1, WIS 22 2R SRl b, A TN
[RI LR BT B A FH A Ry i i 65 22 22005
AE 7 R 5 22 Z0BH B fie Bl P, 25 R 1& 2 oo
ALK B, 76 & FERTI (18 h), 4R FFIACE ek . &
ATEAS PG % B A G il 5 22 2 A0 BE T I f 4

O18h @36h

LhReRE LI JNE A

B 8
’ET . H36h W60h
=)
6 b
i by b
g c ¢ c c [
& 4 N
= | B d
N 21 3
&
oo A 223 3 T
0 NN A\ Y 3 8
AR Bk DR a4 NE HEE

2 REVEMBIER T EE 2 206 aRe M
Wi i TR
Fig.2 Pullulan biosynthesis capacities and pullulan-degrading
activities under different starch raw materials

TE: AF/NG PR 5 B35 (P<0.05); 151 3~I4] 4 Tl

s 7E R (36 h), 4R FH AR U5 A B
22 ZHERIRESTEITE 22 mg/g/h ZiAT, (BAEM L EE
A, 2L 2N A RE T R, R
ZHE P AR 2) . SR, 72 & mE s B
(36 F11 60 h), ¥ 2% L BERE A I TG P 7E AN R FH &1
EER] T HARIE R (P<0.05), F:EH AU
2 RSy {8 AN AR ) FH A ),
== WA NG AL T AR, SR 62
2R TR . TR AEPY R G s 2 >
SIRT AN AT 4 2 ) B RS R T, 22 RS
Gy WK R B RE DR 2R Rk R 53 22 25T
i FREEAE AESETE, 33t AT R AR SCHR LT S AN T
YR > 2T R AL T RIS

2.3.2 WL SRS NSCHENGTE  WFITR, H2E
S AR EE AN G A 2 2 RE 1 i KNS 2
HEAE YA s TP Y 3 A SCHETE PGM. UGP
GTF YA, Ak, 53R T AS 6] & IR
BERY SCHEBEE TR, S5 R 1E 3 s . A [R] A& iRt
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Fig.3 Activities of key enzymes involved in pullulan

biosynthesis under different starch raw materials
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[0k, i e re 4 BT (18 h) A FHAS R P st 1
PGM Tl UGP &M & T R (36 h) B A /KSF,
{H GTF FEX BB BE G TR 25 5 A8 K MO RIS
KT, dUAE 18 h FIFHARZIER B ) PGM F11 UGP
P 2 T AR, AE 36 h L1 283 4 b
f PGM. UGP F1 GTF 36 P4 ik 2 T HoAh I 4 (P<
0.05). ik, 4R AR TEM A Al T2 =8 2
LM OSBRI T, SRR R 2L A AR
7, PR 22 Z2 A 7 RIS, 2 AE R LT TE sy
Ft, 3 A AR IS P 2 b T RO, BRAIR T 355 2%
ZWEEYA AR, B E L 2R B T
El 3 PARBURI A T a8 22 206 i B iS
PER/INS ] 2A Hh45 22 Z 05 liRE T ARtk At
A—F

2.3.3 i UDPG & h: UDPG 24&E 2 24
FIETIARY BT, 62 10 UDPG {4 A F) T 2%
W e . S T B ERANRIGE R X 2L 2k
AT BT UDPG S 2 BYRZI, P2 T 434t & 1
ANIEBBE B UDPG 7K, 455 aniEl 4 s, Al
U, FEATERTI(18 h), sy UDPG 4R = Y
K- (>8 mg/g) , Hrp R AR EIER B 1 ML PN UDPG
St TER T (36 h), iy UDPG & 24 i
R RE, e, B LT ZrER TPy UDPG & i
B 25 18 h B Y 50.4%. B b, FFHAC S 34 7T LLIFE
K EEHTHASR LT £ UDPG, & #E 14 22 2 A=
W6 il T AR LT 22 A AE R R A RD S B UDPG

PEERACE T, B 22 2RSS B N TEIR B 1A

PN e S Sl R 2 i CURT AN 1

O18h [©36h

e UDPG & (mg/g)

5 0 5 5% O I O S S 1
KRE TR B L NE A
4 RFERBFEER T KK UDPG &t
Fig.4 Intracellular contents of UDPG under different starch
raw materials

24 EEZZEIMLBERGREAST

W 2 W E T a0, Tl A A R 1
JHA P ) o, T S 4 1 R AS AR R
FEEE Syl XPRUFHAS RIGER 5 5 > 22 B0 ik
WURASPEATAGSE, 25280036 3 s, WTRURER, S5
ZPHEXT BEZHAR L, B T 20508 LIAN, T A ek
AT DARGEARAS (522 220 S RS, Her A
EVEBHINAS T B2, LUXTIRZHRRAR 43.4%. BT
AFEVERIE R DA AR 20, DA, e A
TERME R JEURE, AT LU RO 6 22 22 A il
AR, XRF TSRS 22 2R R A AR H
AEEE L

K3 EE 2D BERRIAT

Table 3 Cost evaluation of carbon source for batch pullulan polysaccharide production

TR T ARETER FARTEH Ve R LLETER INZE TR A
i (Jt/kg)* 2.1 2.0 2.4 2.8 32 3.5
e (g/L) 50 50 50 50 50 50
Y2 2k (g/L) 23.96 22.55 22.72 16.85 22.15 22.59
IR LA OT/kg & 22 20 438 443 5.28 8.31 7.22 7.75
AT (%) 56.6 57.2 68.2 107.3 93.2 100

TR 2R BRI T B 55 Wwww.2 1food.cn, 20224F7 H 15 H 2 if)

3 g
SYSITEREILA 5 L RTEREKE F288 T R
9T SO X 45> SO ST AR TR SR, 455 PR
RO R TR 2 o i, TR LR
[RIEFFAAR T 3568 22 oM P R Tk et X3
422 SO 5L R I8 201 725 SOBOR A B S ARIEA T4
BT, BRI FAE SR T2 S s i
4 SRR PERIIL P UDPG o ik, HETI 85 1 24
2 SO R S R i TR LT SR WIS T
e 2 SARARBIEG P, A MIE T 28 22 W 5
Tl WL S R TR AR ST 4 SR,
FIFH A SR e SR O 522 S0, 7T AT K
MO 22 SR P BRI A ARG 43.4% . W5

SERFBITRAT T ASFIGER TSR e -6 22 2 HE R
P r= g A= AL, [R5 22 W B sl
A PRAE TR TR S

5% 30
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