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A. niger X1 N T A= FE kK, A niger A58,
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1.2 BiR#E

7 R ##3(g/L): NaNO;3.00, K,HPO,-3H,0
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1.00, FeSO47H,0 0.01, KCI 0.50, MgSO,-7H,0
0.50, FEHE 20.00, EHE 20.00, pH 6.0-6.5, 120 °C
KE 15 min,

25 e IR AL A RIS SR AL TR N ik
IEBRT Y 2- i A A A0 (2-DG)

P A RS IR AL 1 (g/L): #7HE 100, UM
30, F2K3K 30 mL, pH 5.5, 257 & 30 mL/250 mL,
115 °C K14 20 min,

PR R RS IR AL 2 (g/L): FoKHy 100, MK
40, #1071, pH A4R, % 30 mL/250 mL,
121 °C K 20 min.

FhFRERE AR (/L) FOKHKY 60, EHHH 20,
FoK3 10 mL, pHS.5, 120 °C K 30 min,

RTERERE TR (/L) . HI%IHE 50, EAKM 150,
SR 40, EoKIZ 20 mL, (NH,),S044, pHS5.5,
120 °C X 30 min,

1.3 G ZBEE(DES)i%EA K ik

M1 pH 7.0 BYBERRSZ w5 il B IR
T E J 1%[1) DES, 34 °C 578 A B ]}
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(3676 T pHL 7.0 Wi IR 2% o A 135 0 TR 4% 2-3 1K,
B EEM B IR AT 25 W e i FR Ak, 34 °C B3R, Fir
Wk S, BEALPE L 5T Vg E AT & 5T DU
it 5 o
1.4 K%

1.4.1 BIEAEE: PRI TR I8 H2 00 K W 15 97 5
Hr, 34 °C., 180 r/min 53¢ 7 d, BUKEE I E
Fi I -

142 EEEMER®E. B 250 mL i FHARHE 4 4,
IATE R KL T BT W TR, #2A 1 m® —2%
Fi e, Bkl R 0.6, ¥l pH 4.4, IR 34 °C,
) 6x10% Pa, 18X 50 m’/h, K55 48 h JGHEA
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Figure 1. Comparison of colony morphology of A.

niger strains.

2.2 BEARZKMRERE

i H DES X} 4. niger X1 W#F A T154E, 15
P BBERIMLIE 2, AT RARMILLE, &
AR BOE R A A AT e AL R AR bR, Tl
A3 SIEFEZEAE 15 min H1 30 min A 40 BRI ET 728
ASPRITRHIE, X 2 NETZIBIERS 5 R 16.2%
1 84.4%,
2.3 ERLEERARIER
2.3.1 HERERN 2-DG Ptk Fvk B R E .
$r A niger X1 W FBIF IR T 5 A ANEHE
2-DG W25 i dt b, KR53R 5 & R ARTE
T 1 g/L 2-DG M55 ERREAE K (GR 2), itk
AR R R AT 2-DG T IR SRR
2.3.2 RAERKIGE: BIETARSR 4. niger
X1 HW, WATIINA 1 g/L2-DG 3R,

*1. FEEHEERITELETE LR
Table 1. Comparison of glucoamylase activity (U/mL) of different strains
Media A. niger X1 A. niger AS8  A. niger A82  A. niger A04  A. niger A27  A. niger A28
Fermentation media 1 6497 111 353 984 5709 5808
Fermentation media 2 6132 217 88 810 4513 3890
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Figure 2. DES lethal curve.

£ 2. 2-DG ¥ A. niger X1 £KBIE M

Table 2. Effects of 2-DG on the growth of 4. niger
X1

Concentration of 2-DG/(g/L)  Growth of 4. niger X1

0 +

0.5 +

1.0 -

+/— stands for the strain 4. niger X1 can/cannot grow on the
media.

FrEE R G, BEPLPRE 22 D PREETE I THR I K
P00 2 WAL T T T, 75 380 AR 5 5 1 28 A8 Bk XBIL,
BTG R 6920 U/mL, AHXS T & MR R 6.5%.
¥ XB1 FRUCOAASARER, AT &A 384 gL 1Y
2-DG it B, A LR EEARK, (TS
£ 3 g/L 2-DG M5 EABRREERE, ks

9000
7500
6000
4500
3000

1500

Glucoamylase activity/(U/mL)

0

133 9 PREETE J1 88 = RSPk, SRR BERIE
WAL BEIE 755 H R TRRE A. niger X1 A1 EL 42 55 I
TE 13.0%-28.4%2[6] , TE UL 3, Hrh 988k DG36
I 2 42 = 28.4%,

T 356 1) 2o i oW S 1 A 22 BR 1) AR R Ak
BTG ORI 3 Fios, KEERIIAEE 5 REF, &
ANGE S MRAERE N 55 SR I AT TR /N 34— ) 7R 22
Bk, WLIKER SRS S0, B
P22 BRSOV RGNS )8k, Anpi 223k 7
WHEAKT 1.8 mm, HEFES/NT 4000 U/mL,
e T 223k, WEAZ/NT 0.9 mm, HEHE
s, KF 7000 UmL, ¥ EHA/NT 0.9 mm F1K
T 1.8 mm YRR 223K A R AT U UL
g2, BN 4, NEARTE BRI TR 22500 H 2 X
%, MREREHZIRNEZMK B X, W
LLERTE IO TR 9 A O 75 U, B 22
BRI B S EZMIEEA T, M5 22 i e
BT 223K/, B OR T Tl 3 3 3 9 A SR 4 fi
A, RE ARG A TR, BRI E
Z, RWLIRER RN A ME/N, BT
PR 22 BROR 3 BRI O AR, 5 5 T B 22 2%
Bt Ik,

X1 DG36 DG219 DG311 DG319 DG327 DG37 DG318 DG317 DG217

A. niger X1 and its mutant strains

3. EMABENKEERRELEEERE

Figure 3.
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Glucoamylase activities of 4. niger X1 and its mutants in shaking flask fermentation.
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#3. FRFERTRELIKILR

Table 3. Comparison of mycelial pellets morphology of A. niger mutants

Morphology of mycelial
pellets

Diameter/mm

1.2-1.5 >1.8

Enzyme activity/(U/mL)

6000-5000 <4000

71
’
o

LS

—_—
N7 B j
_ ’

B4 HZBBMEUR

Figure 4. Microscopic observation of mycelium. A: Diameter of mycelial pellets<0.9 mm; B: Diameter of

mycelial pellets>1.8 mm.

233 RGBSR ERBERE ST KR
ARk DG36 il &K A. niger X1 3 A A FC R
HEATIE AR, BRI IR, A TR K
IR R TG , HE et s k. SR AE s,
RIS B S5 bk DG36 WAL G 25 5 1y
BT R HIR A niger X1, $RER53510 24.5% .
22.2%. 27.8%. 33.8%F1 23.6%, BLIATEIELLALAL
TR SR S 7 RO R E o
2.4 FEMREE B R AR

W2 kk DG36 5 Kk A. niger X1 #E4T
AT, HeBg7 MR, MRS 72 h iR AR
48 h HUREIE AL BGYE , e 25 R anEl 6, nl LA #|
£ 72 h AEKK DG36 IS A 2496 U/mL, itk
Bt 2 TE A. niger X1 WIBETS M 982 U/mL, il %

Rk DG36 b & TR T REAC R AT BRIR A
HFIE 120 h i), HYR R A B S 5997 U/mL,
LA 225 Bk DG36 BB S 7780 U/mL, AH L £
29.7%, 75Kk DG36 BEG JI7E 168 h ik Fl i

gloooo- aX1 sDG36

Eé 5000 | g %
g 2500} ? g
¢ 7

Generation

5. fRAURET DG36 HEILEERETE S RSN

Figure 5.  Glucoamylase activities of different

generations of the strain A. niger DG36.
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Figure 6.
niger X1 and DG36 in shake flask fermentation.

8720 U/mL, U5 B J1 F B, R0 - Ba 22 8kt /b
FIRERIATFIR B, T KT A. niger X1 7E 216 h il
TRk AAAE 7630 U/mL, {H5 168 h i} 7448 U/mL
(TS A L3R = R BN R, DWIAE 168 h J5, R
BRI PR 97 B RE D W0 AE T R, DR R A I 7 B ]
B, RASKRTE 168 h ik B KEHE , 1M & KT
216 h, U A RIGRR IR I B FA 1, B
[ T4 5 22.2%.
2.5 50 m’ & BEDIK

FE L 95— 52 Wl i) 500 A= 7 Aol 25 A7 5% A2 bk
DG36 5 K A. niger X143 HE4T 50 m® B & %
W, POEAE Tl KPR 3RA I SO R Y A TR
FE 50 m’ e R AL A PR AN P 7. AR KR
hHEAT AR AT DL A U0 pH A8 280, RIRESR
PR L BRI R B 2207, TR th R TR L 2
GEAS IR A TN ()R A di e, 7 il it A1) DL A%
Fo W HEZRE , Sk DG36 7 g fF
P, 78 128 h TS Al ik 3R 49094 U/mL, 7
AR & TS ) N MR R BB A, miger X1 FOREIS A
36975 U/mL, ML DG36 (S 45 e i 5 i
32.8%, LB A. niger X1 1F 154 h /15 K
il 1% 2 40600 U/mL, 878 Y dic e S 55 Z AH L
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Comparison of glucoamylase activities of 4.

50000

X1

-%-DG36
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Glucoamylase activity/(U/mL)
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t/h
7. BE#k A. niger X1 5 DG36 7 50 m® fE7=HE:3 12
24
Figure 7. Comparison of glucoamylase activities of 4.
niger X1 and DG36 in 50 m’ fermenter.

P21 20.9% , IR TERTA] FRF 528 bk DG36 L i
R 16.9%.

FE & T 45 A EA TARME R A ML, R %
KK DG36 5 H AT A. niger X1 AHHC R 2201,
TERTEIG A RAEWZ ARG, KESRG AL
PRAFHRAE PR AL T, BRI A iy e, 4 ek
K 5%8%. FEZWMIAH, ZA5Hk DG36 HLEE )
KRR TESR A 24 h 2 BTG LR, BTG R RE L
R A. niger X1 WG & & el r, X fpr
THFE A A SR AR R U, SR B9800 JEURL
FERTREMIRCRL , A T AR A . AR
PG 2000 t, fF BG4 D Rk A E AT 1S
23%, AEHGINFELY 370 100,

3 &

P A A% G 57 8 B R g A 7 TR bk R
BEMLTR L A 2, XS RHIE A B TAERER
RORAK, TEAWISEH, T 2-DG 1R L2549
Rt BRI AR, i Mk R A
A 2-DG Hitepnic LR = 7 1/ DG36, ek
WHaSE , ZEMUR TR 50 m® BEA EIIR, 225 K
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Screening of high-glucoamylase-producing strain of Aspergillus
niger with 2-deoxyglucose resistance and the industrial application

Tianrui Zhang'?, Qiuwei Zhao®, Zhenghua Li’, Yin Li*, Yanping Zhang®"

' National Engineering Laboratory for Industrial Enzymes, Tianjin Institute of Industrial Biotechnology, Chinese Academy of
Sciences, Tianjin 300308, China

> CAS Key Laboratory of Microbial Physiological and Metabolic Engineering, Institute of Microbiology, Chinese Academy of
Sciences, Beijing 100101, China

? Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China

Abstract: [Objective] To obtain mutants of Aspergillus niger with high glucoamylase activity, we developed a
screening method. [Methods] We mutagenized the starting strain 4. niger X1 using diethyl sulfate, then cultured
the mutant library on agar plate containing 2-deoxyglucose. By increasing the concentration of 2-deoxyglucose, we
obtained mutants with high resistance to 2-deoxyglucose and then studied glucoamylase activities. [Results] In
shake flask fermentation, glucoamylase activity of the mutant strain 4. niger DG36 increased by 22.2% to 33.8%.
In a 50 m® fermenter, glucoamylase activity of the strain DG36 reached up to 49094 U/mL at 128 h, 32.8% higher
than that of the starting strain 4. niger X1. As a result, the fermentation period of the strain DG36 was reduced by
16.9% compared with 4. niger X1. [Conclusion] Mutant strain DG36 exhibited higher glucoamylase activity,

shorter fermentation period and more suitable for the purification treatment than the starting strain A. niger X1.

Keywords: Aspergillus niger, glucoamylase, 2-deoxyglucose, mutation, diethyl sulfate, industrial application
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