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Detection of GOD activity during the germination of Aspergillus niger

spores by electrochemical method
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Abstract: In this study, the electrochemical cyclic voltammetry
method was developed for the determination of activity of glucose ox-
idase. The ferrocene methanol was introducing as the redox probes on
cyclic voltammetry, using glassy carbon electrode as working elec-
trode, saturated calomel electrode as reference electrode, platinum
wire electrode as the counter electrode and the peak current value of
different enzyme activity was required . There was a linear relation-
ship between the peak current in enzyme concentration of 1,282~
2.377 U/mlL with the correlation coefficient as 0.998, the detection

limit as 1.282 U/mL. The enzyme activity of spores from dormancy
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to germination was detected by this new method, as the enzyme ac-
tivity of spores decreased after increasing first, reaching the
maximum (2.130 U/mL). The traditional methods were tested at the
same time. Compared with the traditional method, the proposed elec-
trochemical method has the characteristics of accurate, fast and con-
venient,
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T2, 55 AR AT Y B #2732 B BHL RS, 3o f fb A A
DU ) g o 2 — A4 NG 1], A 3056 40 DL — ek
H fiE (Ferrocene methanol, Fe) %8 AL 38 A i, /> T Bl 5
AR 18] ) FL 133, B Bk A AR O T A AR M R H SR AR O S
Ll FEL AR o 0 22 F AR Ry Bl B AR L A A R IR 4L AR S
A AR A 114 B R A v i g e R AT R [T U, B S X
2] W LA TR TG I A ARG

1 #e 505k

1.1 E#

PR (Aspergillus niger) NRRL3:3E[# ATCC A #] .,
L2 A5
1.2.1 MRS

AT HE oA Al [ 25 4 B A 2E iR A R A 5

i -80 : A2 4l [ 2 4R AL 22 iR R A BR A ) 5

ZREHIBE:216.060 g/mol, PYA% I R HLEF 0 F]

T H R A AL 228 253 U/ g, V4 M 3 B L 47 5 )

PRI 95 V0 » 5 [ 7E A% 10 SR 1 FL 5 0 ]

AR B AR D R R L PRI 200 g SR L TIOK A&
.00 U A 15 g BiHR .20 ¢ A B Ab Rk 4 =
1000 mL, 43 %308, i 2E B 4L, 121 “C K 20 min;

] 285 R W 5 AR B« 5F 22 Bl - 15 9 L BR300 g T AR 5§
2 ZE IR K PR IR, 0 A Y 25 1R K Bk KA 15 min, it
UE o> B HE RO, 28 B FL, R R 2R UK R b B, A5 3
50 g /K/100 g My FFF FhFREFR A,

1.2.2 FEMNGRBA

ML b2 TR S 660D B, 13 IR A 284 B2 7 5

XU T AR & - SW-CI-2F B, S5 AL B A R ] 5

T K5 SRAR - MIX-150B [ AL b 50 v 2% 5 ol A 5 7 B

/L\\

al

RURES 0L TK25KG B, KU AR AL A PR A 5

A ) B3 BE : BM-1000 B SURMAL# A B A 5

K B GI5ADWS B S0 a8 4 B2 7 5

FL AR R K VA R - DK-98 B, % e T AR T R A A BR
NGIR

AL LS1-10 B, # R koK 55 R BHCA IR A H .
1.3 REHZE
131 RS fh 7l w5 D oKAE B R A PRl
70 = R Al A T A R R 3 B T E IR A 28 CHE SR
7d, F&A 0.1 mL/100 mL it iE-80 11 7K B 7€ 18 7k b vk &
L ER T ERESR LS .4 C 10 000X g B.Lr 10 min,
B R AL T UOE . B R DUE L A BB T A i BRI L
it E PR R MR 10° spores/mL,

B 1 mL 10° spores/mL B9 F &K T 100 g FEFF
Rige b, 28 C B9 200 hy RJEMA 0.1 mL/100 mL it
E-80 K EFEIE K, 180 r/min YR#E 1 h J5. i JE, W4 g
W4 C 10 000X g B5.Ly 10 min. Fed b3 W0 - o8 U0 - W
10° spores/mL B ML F A FW A& . L EERAES L
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(1) HB AR LB AR ( GC, & = 2 mm) R T4k
HLAK - A 0. 050 pm S0 Ak 4R 507K HT B8 9 6 & B . AR W A 6
KW FEME KB UE 1 min 5. BT & M. A H R
W (SCEIME R S Lo s, 122 B AR Sy Bl By e A

(2) T e 2 1) 00k« A LA S oA 100 w4 g/ L A 45
WA 800 pL 1 mmol/L — /&I EEAY 0.1 mol/L Y i IR
B R (pH=7.0),30 ‘C/K# 5 min, R 5 MK KM A 100 L
¥k Bk 0.000,1.282,5.128,10.256,15.384,23.770 U/mL [#
T A AR L R B ESE R 0.0~0.5 VL, H# 0.1 V/s fE
PEERAR L1 o 10 S B — A VR B2 BT X L 14 0 W 0L O 4
) B A B 2 AR A A R A R [ U O R
1.3.3 B EM Fif A ME M 1 mL 10° spores/mL 1
FRF I E A 25 mL HEARREFRFEDT I HEIE IR L 7E 96 FLIR
FAEFLERIIA 200 pL fF 5 IR, B 30 CE R BT R4
W S ET T R SRR T A T Y IR
100~200 M F. LK B B R EX T 2 fFEBFREN
BRI I AR, RS 2 h WA, F 4k
24 b, WL it 7 7 i R
1.3.4  MaEE A KSR SN E % WA TR
1 mL 10° spores/mL il 75 T T & 25 mL AR 77K
HETB L 7E 96 FLAR 1 L 43 il 7E 0.2,4,6,8,10,12, 14,
16,18,20,22,24 h flA 200 L #8F 5536130 CHH R 35
B2 3 AN FAT o O R I A il 25 96 B SR 100 pL, %
HE R A It R0 T 7 12 AT DK oK A5 300 1 06 i 3 1 A B AR
7 b T I 1 2 M TR 09y R e A A B 2R i B A T ZE AR
MBI R B 22 A KRB G 5 B . BOE &7 7 15 R W
80 ‘C K ifi 30 min MR LA AR B4l
1.3.5  AFHeiSe 3B FVE A Ik I L ml B R A B RO A
F| £ % 30 “CHEH 5 min, 25 mL & 4 g/L %258 60 mmol/L
(pH=5.60) I Z MR ZE M . JmA 20 mL 0.1 mol/L fy
NaOH w45 1k 52 R . ¥ B A3 1R A 93 i 8 A 0.1 mol/L %
7 HCL I 00 78 T BRAE S 8 75 37 28 s b € R 28 0. T
BB V. 28 I e (L 35 WO A7 78D 76 A [ 9 3 56
S AT . BINAERAE HCL R TR Vo o 75 45 B IR 1 ik
BEAL 2 (D 5 B 2 (20 TR, — A B R ON 7E
1 min WAEFE AL 1 pmol XY 1Y 2 .

(Vy, —V) X N X 1000

C= - %1000, (D
25
(V(» 7V) >< 1’\[ >< 1 OOO
= ’ 2
25 % H X 60 <1000 @
K

C AT 24 B8 R 1) R BB pmol/mL
E——if#i% , pmol/(mL -
N-—#rifl: HCI % 79 B8 JR e BE , mol/L;
vV 25 R E AR HCL iR, mL;
Vi 200 2 Fh IR 1 R, mL;
H——HF & 5O B[R], min,

min) ;
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2,11 KITEEL R FH e Ak R A PR T A ) 4 b 4Tk
il 114 Bz g JEL B LR (3) ~ (6) L fE—E M HLE T . % ik
HEE (Fo) 2B S Ak R 2% 25 — AL FIB B Feo L 72 A A fk
A A AL (GOD,, ) F1 7 %5 B 47 7E 1 . GOD,, 4 AL 7 %
7 A I R 25 4 %5 1 80 AL I (GOD...0 ) 17 %5 B 2, A IR Y
GOD,if Jf Fe™ % 4 GOD,, fll Fe, T #i 4= 19 Fe #h 584 L
) A A 0T & A A A DT 38 E A% s R 0 A

B
TAF R AR R -
FcCH,OH—e =FcCH,OH" . (3)
A AL <
GOxox +glucose—=[ GOx,, + glucose |, (4)
[GOxox T glucose ]>GOx,q + gluconic acid, (5)
GOx,q+ FcCH, OH' = GOx,, +FcCH,OH, (6)

2.1.2 bR gemdl R GOD B g B AR 2 il 22 L
Lo dil& 1AL BEE GOD ¥R BE 1 b o . FH A% 0 e O {12
. W (S B R B R AR L, A BUVR S, i i E b
THET S AW r (L e R AR T UL I 2D L A5 B 2R [
Py =0.4352+1.414 K156 Z BN 0.998,

2.1.3 FEEERAE L 10 X 100 pL 10 U/mL () 4 4
R AL S AT I A L S5 R LR 1. 3 1 AT K B it
I AR A AR VE R 22 (RSD) 2 0.031% , 3¢ B 12 K 0 7 %5 B 48 1k
B 0 0 5 TR A RS A A

2.1.4  [EICRIRE A 50 L 1.282 U/mL (4% B A1k
T A 5 T4 50 p L TR TR g 37 14 i 46 0 e Ak T
AT TS A€ 3 36, X0 4 07 R ot B 0 A 3 A5 R IR 2
. 3% 2 WA, IR AE 97.208 %0 ~104.538 04 Ay M i 2
T 3.383 05 » F WL J7 12k A W) 4 400 S A O O R R Y
e

-2.5F
-2.0r 1.015 U/mL
sk o 1,538 UL
S -1of
B =
B § -05F
=
< 0.0r
0.5
1.0+
0.0 0.1 0.2 0.3 0.4 0.5
H
Potential/V

B1 AR ARG RETOBEIRRE ARG X
Figure 1 The CV curves with different GOD

enzyme concentration
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Figure 2 The relationship between the peak current and

the GOD enzyme activity

2.2 BUEFZERNBHEBRTFHEZSP GODHEHE

2.2.1 JREREATIH A WA E NIRRT 96 fLAR Lk
96 7 B AR 10 L WRAT T R B BB WG A T
I fia) 4 6T 7 S 0 OO (LA BT R RRORD AR LR 3. ik 3
ATHTLAE O~4 h IR B AT 1 & L (E AL T ARG A 1 K56 h

®1 BEERE

Table 1 Test for precision
WEfH/ (U - mL—5 {1/ RSD/
1 2 3 4 5 6 7 8 9 10 (UemL b %
1.004 0.999 0.997 1.002 1.003 1.098 0.999 1.004 0.999 0.998 1.010 0.031

x2 EREABER

Table 2 Test for recovery

AR/ bR/ AR EE/
(UemL ™) (UemL™) (U+smL™1) %

B/ S EE RSD/
2/ % %

0.064 0.064 0.132+0.032 103.125
0.064 0.321 0.37540.013  97.402
0.064 0.509 0.599£0.027 104.538 100.239 3.383
0.064 0.769 0.824£0.039  98.920
0.064 1.189 1.218+£0.019  97.208

BF RS B D B9 A K 58~ 10 h i, Rl F ik
B3 T6 B R ARG, BB AL AR LR B R R M (38.894 &
1.913) % &3 - F+ % (86.534+£1.755) % ;16 h B, il F & &
SEAH A AR AR B 24 A S 2 Rk H] 100 %,

2.2.2 BT R NG AR L A Rl
B ARG 5 W 0O AE PR AR 22 M4 K A5 30 i o o 05 R U A AR
B LA ] 5 R v, TF AR LA A B R L I A
) (1% it o o X s ) R R 45 R LB 3. AE AR TR & R, R AT
DA 0 $1) 748 45 55 S AL B A9 77 72, Rosenberg 4542 18 T 2 iy
B AU A WA BURT AT RR R I R NK I T R B
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Table 3 Spores germination rate over time
5} ] / b 4 6 8 10 12 16
MBI LKHE/%  0.00040.000  4.522+0.864 38.894+1.913 86.534+1.755 99.837+3.037 100.000=0.000
227 1120 AA . Moksia 25 B BF 55 iiF W] 76 2 il 25 70 F 35 A — AN 5 Bk
—% 210 ‘A 1100 1) T 2 49 ok S A0 1 A0 5 1 40 Tk & I b s Y B i S TR 2
- 201 150 *E —H. %%@?Xﬁ%%%4’liﬁifi@&ﬂ?”lbkﬂﬁﬁﬂi’t%ﬁﬁ
H.Rﬂ E 19 1o é ﬁ Vyl,ﬁﬁfz%ﬁﬁ%ﬁﬁJ‘Hiﬁ??ﬁ]ﬂﬁﬂ%ﬂ?ﬁ%%*@ﬁ@&i?&JE
& £ 18f g = T B & 5O B AR E SR ) B, B R FR 0 BR b 4 AL R F S R
T PP 140 ATP gt K (2 i B 369 8~ 10 h B GOD i i /7 3 51 75
LTI A e B B )T W AR AR 42 KL B T
15| Tt T ST A 0 8 2 R BLA G D
0 5 10 15 20 g‘s 2.3 FtibikEe
T R L 2% 0 6k 5 D0 5 607 95 %2 o o 6 0
B3 ZwEa-THa ey 88 AEEme T 11 [R] IR o R A% B8 ARG 2 T R AT T IR DN L S5 R LA 4,
Figure 3 The GOD enzyme activity during the PTG R v L Y 5 SR AR R IR TR A O L AT e
germination of Aspergillus niger spores JE T S W R A PR IR A BT T B R A IR 9 T
x4 HEENTHEBEULBBEINER
Table 4 The results of titration methods for determination of the activity of GOD U/mL
J5 i 0h 4h 6h 8 h 10 h 12 h 16 h
Hifb39: 1.5364:0.014  1.584220.018  1.72240.022  2.1354:0.023  1.9774£0.019  1.6444-0.035  1.684--0.015
T A8 1.35540.057  1.494+0.035  1.63740.025  2.073+0.056  1.835+0.093  1.3734+0.067  1.45540.039

HYEETS J1 2k (1.355 + 0.057) U/mlL, 5 8 T I 44 W & B
T B SR  Ra A 0 R E A A O 0k U o 4 R — L X L T A
M GOD F§3G F7 1 J7 35 06 AR 22 10 0 5 B[] B8, B/ o
A7 A6 P4 2 3 4 4 S e Y
3 B

AR T 56 3 1 F 9T e gk YR LR A A R 4 b ATk B =
28] H G PR e L ST T AR 2 E GOD 3 1
LA AN E T B EA T R SR PR GOD I
. BFGTEE AR W . B B VR B Y L T g R U [ 2 BB
Tl a3, FLYEBGVR B R 0.128~2.377 U/mL 135 B N 28
PR AP (R*=0.998) , il i 2 i b 2 ol 5 98 1 & ik #R 1Y
& B 7E 30 “C A 1SR 10 h J5 , 70 F 1Y 85 K 2 vl 35 5|
86.534 %% , I I 114 4 % 4% 4R 1K B 0 7 Beok . AS R SR B ST ) R
R 5 GOD 5 1 B 7 12 R % 52 BB B A 2 0L b 46
T o o iR LA R 4 W G G . o R U B R AT
Bt V% PEASIN L O FF & SR F VR S GOD A= W 4 4k 7 42 it
TH R,

5% 3k
L1 SRR, ARAT I, 8 TL 7. 0 it I o ) o4 2 7 T 1 D
HIBFSEL)]. &5 5 HLMG, 2007, 23(3) . 41-44,
(2] k&M, £, 4 K. HPLC—ELSD 3 & I W 24 9% i 1% 5
LML) BRSSPI, 2011, 27(3): 68-70.
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5.0 ng/mL [ 3 413 HhAE 5 VA WRCHE AT B 0 I AR [0 R e
GERWFES,

x5 FRAKEGEN—AB|NEFREEEENE 20%
878 T R 4R 1 I [ 0 =

Table 5 The recovery rates of lead in the solution of the

20% salt solution by complexation extraction-

raphite furnace atomic absorption spectrometry

W/ (mg « kgD [\lER/ % RSD/ %
0.5 78 7.2
2.0 75 4.5
5.0 97 2.7

Hy % 5 AT SR T4 G ZE H— A A 0 - IO %
FE 20 %0 £ Eh 7 U BT AR R /N A T b 2R 0 A 8] i
IG5 X6 T b 2 5 R 1 AR AL bR [l B g v . AT LR
AR e JBE Ak 2% G B B — A SR T R IBOG i vk
5 o A 4 B R DT PN B TR RRT M A A L T R
B, HZ ik an b BB TR 5 R 38 A 46 P AT A 0 241K
B A D HE I
3 &

A 50 0] HEL SR S S B A B YRR R RORR A 1
D 7 P R R Y 7 IR HEAT TR ST 3 A A (R R R
FE AR iR T A A VR R A A 0 B [ S A
o T A 25 1) 43 BT T 0 R R e SRR 45 B R T PN A 3
B UE A 0 B 6 P B ELA RO 0 R AR E
LB R v B 0 AR A X A 8 R0 o R M R 0 T R
AN XA RN AR R A RO S R TR TS N
FRIEFFRAEN AL S GB 5009.42—20164 73 & 22 4 H 5 bR i

AR FE BRI AE ) B A R O 1 (B8 2RI AR R
TR 1 1 ) R L ARG I B0 B AT A R AR R AR

HT T o VR R b A B B A AR L T
1 A BB R R I B T o PR 4 4 S T RS (X
FALAS A R AR HE b AR HE R AT R e I v
PR 0 o 00 5 S Ay (8 T 540 v P E 7 E a AR h e
kAR R AT L I IR B Y S AR 3 N B 4[] — (]
TNSE BRE il B 5 2 o 7RI 52 58 B I B I 3 R AN i B 55
M AR SR R B Bl O £ 23 S AURE W HL b R i B

A T AR R S AR BT 5T X 4R L TR 0 7 0 SE
KERORE AL A TR MORHSE B R A Y R R A P AT A
27T 22 Ay i

e B
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