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H OEAREFTYEI —AREREAH TREAE I R EHM N KR E 4 Aspergillus MS-09, % 5 = 4 6 2 EH
WA /L pH3.6 09 5 T ot A 2 R IEH AT 09 5 MAE A, Tk 5] 3t % & pH &4 FTEEE ) 95% A L, i@ id xf
Aspergillus MS-09 7 85 7% &A= 18S tDNA 547, 8 % 18 L — Ak B v B o APHLEER 69 M R 34747 F AF 2 & L, B 09 3k
AR R A 65°C, ZiEMEA pH 4 4.6, #—F F KT B R FR A R A B & 52 48 AL B ( Acidproof Raw Starch-—
digesting Glucoamylase, ARSDG) #5 % v, K ILA £ K (2% ,w/v) Fo B @ IR (1.5% ,w/v) £ H A T ARSDG #4578 ., 7
RABFAMT R K BB % pH3.6 49 54+ T Ti4 3] 80U/mL,
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Production of acidproof raw starch-digesting glucoamylase from
a newly isolated strain of Aspergillus fumigatus MS-09
LUO Jun-xia,LI Jiang-hua“ LU Jian, FANG Jun

(Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: A novel strain, isolated from Daqu samples showed better raw starch- digesting activity towards raw
corn starch at pH3.6 and remained more than 95% of its enzyme activity at pH3.6. The species attribution of the
strain was confirmed to be Aspergillus fumigatus by the characterization of morphological, physiologic and the
similarity of the nucleotide sequence of the 18S rDNA gene of the strain. The characterization of partially purified
enzyme exhibited the maximum activity at 65°C, pH4.6. The influence of carbon and nitrogen sources on the
production of the acidproof raw starch-digesting glucoamylase ( ARSDG) was investigated. Maximum enzyme
yield was achieved in a medium containing corn flour (2% , w/v) as the carbon source and peptone (1.5% , w/v)
as the nitrogen source. Upon optimization of various environmental and cultural conditions, the yield of ARSDG
reached 80U/mL at pH3.6.
Key words. acidproof raw starch - digesting glucoamylase; Aspergillus fumigates; properties of enzyme;
fermentation condition
R E 4% E.TS201.3 SCEEFRIAAD : A X = 4 2.1002-0306(2008)05-0151-04
A4 W€ ¥y BE Ak B ( Raw  Starch — digesting
Glucoamylase , RSDG ) 248 Re ¥ A & ad 28 B Wi fb i A4

Raw Starch — digesting Glucoamylase , ASRDG ) J& 7 Jig
PESAG T (pH3.5 2547 ) IR BRI X A= TE My Uk 22 20 1

TER R B K iR A A R SIS, B AT LIRS SE RS
G T S IAL A FOBE A5 9y — 28 B
ATHEAL B LA RAT LG 09 RE AT 5o 40 SRRs N
TIC A& A A9 ORS A W, AT W 2 8 BE FE Y 30% ~
40% " LALE 70 ARAR R TR AT I AE AL, 45 FE A
FNTTBERIAT SR K AR B U &, JF by S A
TEBPEE RIS . HET, BN Aha B C il 1
SR AR R PN AR R T R 2P AT R A R R R A
WA RENS = A RSDG 7 i ok 7 8 it 5 1l LA™ 7
RSDG HURWARIE . —MINNTE pH 2y 3.5 ZEA7 BT,
VP22 2 BEARME LL 2B G, T 1R 2 T R BE AL it ( Acidproof

YRS B HA:2007-09-03 = Ik & A
1EERE I ¥ Rk (1980-) ,Jc, BB L, BEA T 8 BB A

R P K AR P O T, O 358 HH R ASRDG 11 TR A dRe )
I, ARICAHGHT MWK B3 1 fRaEaE
TE pH3.6 14 25114 78 R R i A 5 2K 3 B B9 4R Bl 5
Aspergillus MS—09 , H-#E U S5 A4}, w1251 T F
TR A PR BT e R SRR ASRDG JE BRI S22
1 HRE5TE
11 KB

A FORVERT T E BT AT S PR Rl SE Ry
JT BT A b
1.2 BEFREREFREZHG
1.2.1 SPMLArE 53248 4B EoKTE K 30g. NaNO,
2g KH,PO, 1g . MgSO, - 7H,0 0.5g . KCl 0.5g ., FeSO,
0.01g F5ig 20g, i 7K 1000mL,pH H 48X ,121°C KB

20min, H A AE EKRTERTE 105C F K H 2h, 48
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JETE 65°CF ERIRAEMA .
122 WikKRBEEFRAL B FoKTEH 2g.NaNO, 3g,
KH,PO, 2g . MgSO, - 7H,0 0.5¢g, Z£14 7K 1000ml., pH
A&, 121°C K 20min, Hfr A FORFER7E 105°CF
THCOKE 2h, SR 5 7E W IR T T EERAIEM A, 250mL
=M, B A o 25mL, B5FRIRJE 30°C, £ PR ¥4
K 200r/min
1.23  HERNEEEFRE WM VER 30g. NaNO,
2¢ KH,PO, 1g,MgSO, - 7H,0 0.5¢.KCl 0.5g . FeSO,
0.01g . Z5JIg 20g, Z& 1 7K 1000mL, pH H #X, 121°C K
7 20min
1.2.4  EBLHAETAR B EKRIER 208 BHAEK 20g,
pH3.6 BUATAEIRERZE v 1000mL, S BrUiE #y
WS, TE 65°C TR DA A B KR TER , #2515 1A -
1.3 EMIEIEAE

R S5g kol (% 3% ), A S0mL JC & /K 2 1%
30min Ji5 , VLA R # BEAS B0 AT A8 - 1L 3 25 55 57 2k
|, 30°CHE 37 4~5d, ¥4 B v 5 B A B 0 D R 328 HH K i
Pl B e 4 B R o 4~5d 5, BRI R 55
IR¥EEFEEE I, 720 J5 F P g B Rl 2 A 0 ok g iR
ASRDG (RS . T iE 7 Hids W Bl i 248 , 3 4R AR
JRUCEAE C A BEE P VER BRE A b, AR 3~4
A AR (AR Bl 1% /0N ), SR e R Tl 8 A A
FN A= AR b KL Tl U 5 38 e T 0 i A TR TR
P A B KR TERY , o — B AT IR, VE A B g Al I i 4
AR BB s 2 A 37 W 1) D Ay K s B T TS AR 1 )
K S Bl L 1B R, AR i 475 B Bl 0 /S, st AT DA g g i
KN o TEA B B A B S 09 DE 4y 375 B 7K fi el ) B
T R RIS, HORH B v K i A2 B oK UE KT, FH DNS
(3,5 hg B /KA R ) 510 2 K Mg 7= 4 v i SRR 1
b, AT s ML T ASRDG (TR
1.4 EgiENEFE

KlELE R e, £ 4°C, 8000r/min | &5 .0» 20min,
A IS W LS W . T SOmL = 1 ) T A
0.5g A= FOKFEHY, 19mL pH3.6 HYFF A5 IR £k 2 v i FI
ImL A E I, 7£ 30°C R /K% 2h J&, JH 0.5mL 4% [
NaOH % 2 1k B o B AE 4°C, 40001/ min 2
> Smin, ] DNS 30 5E b3 W i J5obE 4, DA T
A& ASRDG [WEGHG o BT I3 8L I 2 S AE 53 B 45 1F
T, Tmin BE 1 wg 8930 50 ( LI 28580 res iy
fiff i 2 oA 1 A TR
1.5 DNA 1REL.PCR ¥ 1& X 7 51l E

DNA P3O A Db ik o B 10 D E 1Y i Al e 21
YDP £5 3R H £ 3% 24h J5, PR B kB8] — 41
IFER AR, A 3mL TAB %5 W Fl 3 = 19 A b A 5
30min Ji5 , #F) 25045 ,8000r/ min Z.0> 1min B 7
WL N 55— B0 P, HE 8000t/ min B0 Tmin K EiF
WHERFT LA R A CTAB #5 2 0.8mL, 7F 65°C
FARIR 30min J5, ¥ 2 15, 8000t/ min B .0 Smin,
G ST i 2l T N = R 11 NS 7 N AN I L e i
(L1)IRA W, 125248 5] 5 ,8000r/min .0 Smin,
VS VR BT O AR T, BRI 2.5 AR FRI JEOK 2 R
0.1 f&F 4 3mol/L 1) NaAc, £&4) )5 ,8000r/min &5 .0
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Smin, fff DNA FE43000E , 25 BIEW, H 75% i L B¢
K. B EATIRNELCEREBGR TS
b fr o e A )5, TE B DITE . s b
VRE IS HEL UK R AT ARSI

PCR §" # R H 51 ¥ PI18s01 (5" -
ACCGGAATTCCCGGGATCGCTTGTTTGAG-3") 1 P18s02
(5~ ACCGAATTCCATGGCGCCTCCTGCGCCGC-3"), ¥~
YRR UNR : AF 200 By B0 45 RO i AR 2l 7K
36l . Taq fiff Buffur 5pul.25mol/L dNTP 5uL. 5|4 4%
1pL Gefafk DNA 1pL Taq [ 1L, iR 253847 PCR X
Mo PCR = e L HR HOA FR 2 w105
2 #RE5ITR
21 BEMIFEER

PN 11 == o S o n g - R E S R A S
Bris K g Bl TR 13 Bk B e TR R Rbm B, B
ARYE A= HEAR T AR B AR X 7= ASRDG il 375 458 55 19 — Ak
B MP-09 , iZ B 7ELS IR 3R 3k P& 2B K HE RS, X
AT 2 FwE W A, O E AR AT, 2R
W ERE A, BT oA M T seE el 5,
TRREL A BefiIE , /N EL)ZE 5 AR, A W T BE SR I,
S ERIE  SRTEDHLES | i e o, A /N, 53 2B 7+
g HEMR, KA —, ARIIZRETE RS RRIE, B
oA s R Ay AR i TR
2.2 T ERAEMEAL BB R AR IE R AR
2.2.1 BN MBS pH o Bodl pH 4351028 3.0 3.6,
4.0 4.6 5.0 5.6 .6.0.6.6 7.0 irEERREL 2% bk , 75
[7] pH ZZop i 5E ASRDG AYTETE F1. K 1 AT L,
LR SN Y BE pH o 4.6 ,7E pH3.6 T, AT LR HEE I
M 95% L) I, ARG i iR . 78 pH 2 3.5 Z2 45 B
AR B ERARMEA G T A I L B 2Rl i R
VERT AR 04 AN TE INZE 2 i FH B ol A== b,

120

100 |
80 | /\
60 -
40 |
20 b
0

AHXT S (%)

3 36 4 46 5 56 6 66 7
pH

BRI pH T A MS-09 72k )
ASRDG [ A K TER 10 BE F7 1t &

222 [N EGEIREE S 5AE 25.30.35.40,
45 50 .55 60 .65 .70°C T , ¥ ASRDG [ it 115 J1 0 %2
D7 BN, ] 2 25 5L B 1Kl S 1Y i IR RE SR
65°C fH 2 NE I n] LIFE IR EEXT ASRDG (1 B i 5%
M AN R 6
2.3 3 MP-09 HE#kKy 18S rDNA 4 %7

Aspergillus MS—09 [# Bk i) & 5t & 7 #E AL UL &
3, X Aspergillus MS—09 B ARAY PCR 1% r= ¥y gk 47
T AN E , F BLAST Xt Aspergillus MS—09 B &R F
515 GeneBank %4 J%E vh 1y B I J7 41 LL 4 & B,
Aspergillus MS—09 AR 18S rDNA F343 )7 %1 5 42 il
B Aspergillus clavatus [5] I8 P %8 55, AH L3R 35 F)
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120 ¢

IOO-M

HEXT RS (%)
S &838¢%

(=)

25 30 35 40 45 50 55 60 65 70
HIE(C)
K2 RERET, MEihd&E MS-09 41
ASRDG Rl A K TE R 198 7 28

100% , 5K il B Aspergillus fumigates 1) [5] P51 58
W, AH DL AL IR B 100% . 45 & T8 & o M & 18S
rDNA 555871, B 1N Aspergillus MS—09 T k4 S2 4# fili
B TS B 1 Aspergillus MS—09 T Bk 185
rDNA JE3 a0 :
1 TTAACGAGGA ACAATTGGAG GGCAAGTCTG
GTGCCAGCAG CCGCGGTAAT TCCAGCTCCA
61 ATAGCGTATA TTAAAGTTGT TGCAGTTAAA
AAGCTCGTAG TTGAACCTTG GGTCTGGCTG
121 GCCGGTCCGC CTCACCGCGA GTACTGGTCC
GGCTGGACCT TTCCTTCTGG GGAACCTCAT
181 GGCCTTCACT GGCTGTGGGG GGAACCAGGA
CTTTTACTGT GAAAAAATTA GAGTGTTCAA
241 AGCAGGCCTT TGCTCGAATA CATTAGCATG
GAATAATAGA ATAGGACGTG CGGTTCTATT
301 TTGTTGGTTT CTAGGACCGC CGTAATGATT
AATAGGGATA GTCGGGGGCG TCAGTATTCA
361 GCTGTCAGAG GTGAAATTCT TGGATTTGCT
GAAGACTAAC TACTGCGAAA GCATTCGCCA
421 AGGATGTTTT CATTAATCAG GGAACGAAAG
TTAGGGGATC GAAGACGATC AGATACCGTC
481 GTAGTCTTAA CCATAAACTA TGCCGACTAG
GGATCGGGCG GTGTTTCTAT GATGACCCGC
541 TCGGCACCTT ACGAGAAATC AAAGTTTTTG
GGTTCTGGGG GGAGTATGGT CGCAAGGCTG
601 AAACTTAAAG AAATTGACGG AAGGGCACCA
CAAGGCGTGG AGCCTGCGGCTTAATTTGAC
661 TCAACACGGG GAAACTCACC AGGTCCAGAC
AAAATAAGGA TTGACAGATT GAGAGCTCTT
721 TCTTGATCTT TTGGATGGTG GTGCATGGCC
GTTCTTAGTT GGTGGAGTGA TTTGTCTGCT
781 TAATTGCGAT AACGAACGAG ACCTCGGCCC
TTAAATAGCC CGGTCCGCAT TTGCGGGCCG
841 CTGGCTTCTT AGGGGGACTA
TCGGCTCAAG CCGATGAA
24 A EWRIESIEX Aspergillus fumigates
MS-09 & 7= ASRDG HY =2

LG BR 4 2 &R, A 12 B R i Bk IR (2%
w/v) , WK B 37 72h, %5 AN [6] i IR Xt Aspergillus
fumigates MS—09 B = ASRDG B2, g5 52 W% 1,
ARPEFR 1, DL 2% 19 E KB (T K E) Sk JE I,
Aspergillus fumigates MS—09 B 7= ASRDG 1 & fx K,
T K BRI K B T4 5 77 2E ASRDG, 1] B 2
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- AB002076
strain

AF548063

AB008398 AB002079

AY083218

AB002078
AB002083

AF548060

AB008412 AB002062

AF516138 A%%%%%%gs
|:| AB008396
0.0005
K3 {KJE 18S rDNA FE3#) ) Aspergillus
MS-09 Btk (strain) () RGE A T LA
AT PR R P B A R TERT 5T T ASRDG #9742
LA 2% B B KK (H K ) SRR IR, In A 10 FhAS[A]
HORIR M FL2H 5, IR 1S 37 720, 25 52 A [A) 0 IR X
Aspergillus fumigates MS—09 B r= ASRDG 5210, 45
RIWFEK2, NER2ALLEFES, HEAKR(1.5% ,w/v)
+ NaNO, (0.3% ,w/v) 20 i 52 &R, i Aspergillus
fumigates MS—09 B &5 r=4= ASRDG,
F 1 KREBRIEXT Aspergillus fumigates
MS-09 7 ASRDG F5 i

AF548064

{3l ARSDG AHXJ g% (% )

FRM (K 120.9
FORA (B HCK T ) 18.9
AR VE Ry GBI ) 13.2
AR R (TFHKE) 16.6
TR TER R ) 56.3
ToRTER (FIKE) 16.8
Likalind 16.3

A —

Wb —

b —

bk 35.6

Bk 29.8

1 —" 3R WA ARSDG R
%2 ANFEEIEX Aspergillus fumigates
MS-09 B = ASRDG {5

o ARSDG

B HIMEEE (%)
HEWE(1.16% ,w/v) 100
EAM(1.5% ,w/v) 129.3
FEAMR0,w/v %) 112.6
TR (2,w/v %) 485
BB (1.4% ,w/v) 7.7
HHIEE (1.12% ,w/v) 6.3
AR (1.84% ,w/v) 524
RZ(0.28% ,w/v) 26.4
(NH,),S0,(0.65% ,w/v) 2.5
NaNO;, (0.83% ,w/v) 36.9
NH, NO,(0.4% ,w/v) 18.3
NH,C1(0.52% ,w/v) 2.7
HHWE(1.5% ,w/v) + NaNO, (0.3% ,w/v) 2115
FEAEM (1.5% ,w/v) + A (3.0% ,w/v) 114.9
HEEHE (1.5% ,w/v) + 58 (3% ,w/v) 139.3
T (2% ,w/v) + NaNO, (0.8% ,w/v) 1235

25 AREEEBFXI Aspergillus fumigates MS-09
B~ ASRDG H# i
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VL 2% 14 B oKy (T3 ETD) sk, UL 2 1k
(1.5% ,w/v) + NaNO, (0.3% ,w/v) 2H &) & & &I
SRR, FBER T ANE 48 B F X Aspergillus fumigates
MS-09 [~ ASRDG (952, 45 R WIEl 4, 4 & & 71
BYHEE R 1mmol/L, A& 4 AT UL, Mg™* [Ca’" | K|
Li" % ASRDG f&y™= A= AR il /=, Hede i g 410 i)
P dRe s, HoJ® Mg " (Ca™ FITK

100 S

11l

AR LR G ' K
SRR

Kl 4 ANE4IEETXF Aspergillus fumigates
MS-09 Ei7= ASRDG (541

A o x
[=E = -l

FHXS BT (%)

[N
(=}

(=)

3 i

PR | o 43 B 3] — BRTE BB A 7 T R A= U My B Ak
B B Bk Aspergillus fumigates MS—09 , 1Z & re 4 1
HTEM LIS ZE pH3.6 19 5540 T X0 A BEoKRTER A B
Wi fRAVE R, TR B HR S pH 454 F BN 14 95 %
LA o WY il VE IR E S 65°C , Il YEFH pH Ry
4.6, HEEKB (2% ,w/v) FIE AR (1.5% ,w/v) H
FIT ARSDG WIE . TERAESSAT T , WA A T Tl 1%
{6 pH3.6 [ & 15 F il 1% 80U/mL.
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