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1 REHH
1.1 EFEZiKH

fi% %2 IR 1iff , Sigma—Aldrich 23 7] ; i B2 87 S 1
B BRTRES GUERAS EHIR AN BEIR AR BLIR , B
MR o BEIR AU A AL SRS PE B A
TR A RN T JooK LBk Tk LB A A Bk
FALHR WEREACE, E 2GR E R A R A
Al DL R R e Al g, AR AR By, REEIE
i B A R AR 26 99.9%
12 FENHEF

Cintra 2020 %Y 25 4h—0] WL op oot Bt , MK
R GBC {4457 7l ;Nicolet Avatar 330 il fd it
AR LT AN ETEAL, ZEE Thermo Electron 23 A ; @5
mm 3% B FL A% 232 AR FIHOR R B 22 A AR, i
v H A BB A RS 7] ; PGSTAT302N A Hi fk
2 TAESS o EA AR,
1.3 RKEH*E
1.3.1  Dawson %Y o I 4 J& BOIC W 4H B2 A1 4H 1R
BAK A G 5 FRAE Dawson B W 40 R & (K 1) &
Wt R A, R 10 g NapMoO,-2H,0 ¥
F 45 mL K, WA 1.5 mL 85% HsPO, il 8 mL
WL, IR 8 h, W HIE N 10 ¢ NHLCL, fF
R HT 5 Al 8, PRI A, W% T 2R 1K
H, ik HCL, 2Bk (B2 DT UE - 251K R R TR -
Te/K L Hik=5:10:6:6 B Ho A7 2E4T 2L BO) RE B, H 7%
WK FE 45 5, 15 HP.Mo 504 (PaMoyg ) i AE7

3 bk U 4 JE BB B 1R 1) A ik 2 IR
HR[38], 11 100 mL 7K Hr il A 0.01 mol AT i 14 2 i
TCERE Y (TR BRIR &L O IR 55 ) , 76 1 1 4k
FET 2090 o im A 25 mL 0.02 mol (@R —
LAV, AE pH TR R AR 11 SRR,
P93 pH=4, 7€ )5 A 75 mL 0.17 mol ) Na,MoO,
VW, PR 101 BRI ) pH=3.6, [Flii 8 h, ¥ A
J&  FE RS B e Sk v, A 2 Tk AR B BT o A5 Ao
SR BUCHR R S Y, SIS Y e, B
T JE BNAS BIRE & 2R IR P AR i 147 B
TN

W 3R G L 16 G Wl ek 58 A o O R
(UV) F i BL 725 0 21 A0 6385 2 R (IR) i 17 4574
FAE 5 SCHR B HEAT X e, ARG A 4 o 2
A IHRHAEY .

1.3.2 o U 4 s BBOA R 1 ol B T S B A T % 2 i Tl
P AL 22 AL B B R A Y TILA B . 45 B s L A
53 5 AN TRDRLAR (9 S AR 40 8 CRiA2 43 91 1.0,0.3
F10.05 wm ) BEAF L EALBE 8K J5 43 B HE B 4liK G
K ZBE R BE 3~5 min,, BE B LA BT 2.5
mmol/L [¥][Fe (CN)o ¥ W (& 0.1 mol/L. KC1 %
W) AT AE IR A, LA IR H AR R SO A
& o FL LB e F AR R TR LR B R SR FR AR Oy
Z LU B 22 VR Rl B R R B L D 0.2
V~+0.8 V, 13 K 100 mV/s, — 1 5 , B i3 106 20
PR B A AR T 0 ) L A 25 7E 80 mV 2 A i I
ARy HL A A ' B A

1) 24 )8 IR R 7 ok i 5 e F 3 1 G
A OTERMNERTIMA 4mL AFEEE (1~5
mmol/L) ) 2 4 J& A W SR VS W, TEAR IR S5 140 T,
AR 24, WgE 4 P & i AR EREA T
JITASAIG AR 2 P] v i 0 v 9 A8 AL R, B
A AT T2 Y AR 1 e 5 SR e )37 0 L 9 22 ] ) 4 1 G

2) HEO HE R R 7R RV AR R
A 4 mL 4 mmol/LL 2 4 J& AR Eh IF W, 7F i 35
WHIH-04 V~+0.6 V T, 40 5I7E 10~200
mV/s 43 T SEAT 06 R A WF 58 A [l 49 1
X 7 M) 7 0 HL G R AR A OG R

3) 4 Flfb A W oxt s =R mE R HE IR AE T AE
FVARZ A 4 mL 4 mmol/L £ 4 J@ A R Eh I
W, A 0.4 mL AN [) ¥ B2 ) s 2 I8 il L, 1 15
R A ZR HP I TR IR Uk R 4 i R 0,24.46
40.30,56.48,72.56,88.77 U/mL 7£ 13 & 50 mV/
s, LHTEF A -0.4~+0.6 V (&M F , 21718 R
AR B AS TR e B 1 R A R BT AR I 1 2
PRAZE SN, WS LA AL A5 21 ) 1o U PR U -5 T 2
MR 2 B OC R h 4k, i — Do ot U 4 Jm AR
PR Tl T TR N B A X i 2 1 T ) P A b~ R SR
1.3.3 IFmr sz R s & n
T % P,MoNi 47 #E— 20 B WF S, 5 4820
J7 5 I R I R R A HBR e P,MoyNi 7K %
WA PR 22 [ T 2 — 8 IR g AE -0.25 V[, A
W, FE-0.25 V By TEE AT, ] BN AR & hoin A
4 mL 4 mmol/L. P,Mo;Ni /K, Bl 5 76 1 1148 £
FIVERE , EERA 30 s i) 52 R & P oin A 0.4 mlL
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40.305 U/mL F& 22 B2 B8 W, MR 40 11 s 22 355 i 42 v
JITAS e 07 FL O, A5 I e R FE 3L 5 T N i 2 R
il e B A 2R G 2R, THIEZ T TR RS TN R R
IR
1.3.4  FESNAOREIN R S8 ORI ARE St A 00 R Y
)75 Z I Nirmal % P (19 7 AR TS S8 0, B
100 g FF 95 FIMTIR A 3 47585 95 1 6 IR 2= 9 50
mmol/L. % B2 2% tf ¥ (0.5 mol/L. NaCl.0.2% Brij
35,pH 7.5)h, A2V WEHL 50 40 30 0 i 8 )5 B
> (8 000 r/min, 30 min), Fr 5 I 7 W& B A 4 5 A6
T, W L3 R T 20 CRY VKA Th & .

1) P:Mo;,Ni 7K %5 ¥ 6T R 26 X5 I o % 42 2
it (R R R 9 1 X MR AR, R LR R
AN TR A5 B0 (R B A B0h 0,5,10,50) , 7 2 V44
ZH A 4 mL P,MoyNi KW, FIA 0.4 mL
AN ) i TR A K0 1) 7 S5 1 R RE SR AR T, AE S0
mV/s FHT R4 A [R50 B A5 B0 B 58 1 0 R R
s A U Y ) A AR 2 B B A . -0.4 V ~
+0.6 V., AR 5 M 45w Rz R B S TR R A 4K
PR A S R M A A TSR ) i 2 TR il

2) mbrEGRE:  fE BRI AT
XoF [7) B3 5 B T S E R IR R ot G 00 9 ) B b [
WA 6 Sk B IR A G Ik B T AT L 0 i R
5 15 A 35 0T MRRE S RN 45 0.2 mL,  FIA
0.2 mlL A7) v B I SRR A, (45 S g Ak & o

R it 2 ) 23 9o 10,15,20 U/mL, 2% FHiZ iR 86 )7
AT bR LGRS, AR A A 25 R S i A TR
it A i T (DR

3) P.MoyNi 7K %5 W% % 24 1R T %) i A6 AR
FIRaEPE e BEPE ] P,MonNi ZK ¥ 00X 76 B 5
5 1) B 9 PR AR ARG 00 Y AT 3 R M UG T
Al 7 AT BE T4 P.MoyyNi 7K 5 WRORT 1% 2 1% 16 1 e b
YER LR BT, LT P.Moy Ni 7K W% i 24
T2 T 1) AR A BB PR AN 5 SR iy vl ik, ik —
Wiz e AT

2 #ERERH
2.1 Dawson # i3 E & ENKBAEBR FBSERR
R S RAE

3 # Dawson % i V¥ 4 J@ HOA B 40 IR A 40
TR BER B 20NN S AN RAE B 32 1 i, thar
HMCTE R AT R, 4 B L& PI7E 700~1 100 em™ Z
[T 4 AN RRAEE 5351 R 7E 1065 em™ B
VT P-Oa AR B WIS , 75 960 em™ Bi I Y
Mo—Od S 7 i 3z 2 W i, 7E 900 em™ Fff i 19
Mo—Ob—Mo 5 17 f 41 2l W WL i AT 7E 800 em™ BT
1) Mo—Oc—Mo SR S Wi, H 22 4P T 4L
P TR0, A B AL A WITE 210 nm BT HA —
A FEAE M IS |, X T Od—Mo Y L i BT 45
R T A LA P14 B A Dawson B £ 42 )8 A

0 T S T i (5 BR R 5 X SR iy o TS

B R 25 , FL SR 5 SCRAR A,

1 AMSEEEBIAMIIILINRALIE
Table 1 Infrared and ultraviolet characterization data of four polyoxometalates
1 5 k3 K 59 g R AR
ot
P-0,/cm™ Mo-Oy/cm™ Mo-0,/cm™ Mo-0/cm™ 0d-M,/nm
P,Moyg 1076.0 949.5 902.5 796.0 213.0
P:Mo,Co 1 062.5 954.5 873.5 787.0 212.5
P,Mo;Ni 1064.5 962.7 869.5 791.6 213.0
P,Mo,,Cr 1 060.5 960.0 867.0 780.5 210.0

2.2 4 #ik &Y S ERE M # L IER

221 BN 22 4 ) SRR AR K U VPR AL S e N F
T2 Ay i S R VR R A P MopNi |
P,Mo,,Cr ,P,;Mo,;Co ,P.Mos H)IEFRER 2 &, BiF 5% vk
JE X 22 4 T S0 TR k7K A VR 1) H A 2 P BT A S e
Zi R la~1d Fron, HE 1 ATRIEH 4 Fiik &

YOG IR 2 B Y A A 3 R A g (T-17, 11—
17, TI=T0T) - 43 56 B T 2—, 2—F 4 F 3G RS 10
L4 3 mmol/L ¥ FE T P,Moy,Cu BYAE PR AR 22 F Sl ],
YW E = (Ep+Ep.)/2 735 /& :206 mV (I-
1), =122 mV (II-11"), =212 mV (II-TI1") , %} 1 #Y
S AU 5 8 L0 2 T] Y L0 22 (AED) 43 31 R 46,
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49 F 59 mV, IR LK, LEWE T P,Mo,Cu LA
KT A P 1 T I SR 0 3 T 0 2 ] 1) L A7 22
P/NT 60 mV, Wk 4 Fivik & 909 8 A8 5 5t
FEYIE Ry, & 1 o] RS 4 Rk Ak
(1R N DBIF 18 R, 6T I 11 4 30 T 0 v 975 % 7 1 i, Ak
B v 1 5 H S R (1% o) U L 9 =2 [ S R A R
R tE R, ILEWHER 1 mmol/L ZEfLE 5
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fiE A AL S B W S, A S W IR F 5
mmol/L I iz .2, (A% BRIk E T 28 mA
PR ER AT WA 28 RS P AR TR RS, DALt T
PRUE IR 56 1 A2 € P ARG I R BU% , 16+ 4 mmol/L
8 9 Jim Sl 0 0 fre HE vk B O 61
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Fig.1 The effect of concentration on the electrochemical response current of polyoxometalates solution

222 X248 AR Eh K T R b 2E e 1
WS KA YRS TR T 190G SRR 22
0, WEEE T 2 4 JE AR R K R LAk 2
PEJR A, 25 A0 & 2a~2d Fis, B 2 AT LR
4 R A P AEAS TR T A998 PR AR 22 (8] v 3 77

1E 3 XA AR JF I (1-17, T1-117, TLI-111") , bifi %5 471 33
AN T 38 K4 Ak & 4 0 S Ak A T 0 H I AR
Wi, I FLBE 2 45 0 N T3 K 4 FR A i
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Fig.2 The effect of scanning speed on electrochemical response current of polyoxometalates solution

2.2.3 4 P k& W xd s R e B AR AT 23 5
TEA TR AR W PR I AN [ e 38 ) T IR ol ¥ Y
Ao A I S T Rl O TR ) 22 TR AL 5 ) R A B
AR &L, DT 23 BT A 5 0 o i 22 1 il F) AL R
RN 3a~3d F7n o HETRERS T L B I 2 R
Pl S AN WS, 0T R AR ER R 22 ] Hh AR b i it 0
HLIA ) SR B A, R 4 R 26w W IRERAE
Wk B A A AL AR T SCRA I SRR A L) RE i 1k
FR, T TR I B A fad D A P R A AR

FH o e A TR A 7 5 R SR I ) VA 2 )
HA R ERMESE 5, THE A2 R 3 5 g
1% B i A s ) 26 Pk it 2653 00 ol . 1(P,MoNi L, 1T) =
0.0006986¢-0.2497 ;1(P,Mo;Cr, 11")=—0.0005002¢+
0.07183 ;1 (P,Moy;Co , I1)=0.0008365¢ —0.2758 ;
1 (P;Moys, 11)=0.0002783¢-0.1906 . 145 4 e I A6
FRAYM X (S/N=3)=4.971,14.48,10.26,17.74 U/
ml, 25 R R 4 Bl 2 4 Ja AR £h o i 2 R 45 2
A B AR E AL ROR P MopNi 7K T
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Fig.3 Cyclic voltammograms of compounds catalyzed by different concentrations of tyrosinase solutions

2.3 P,MoyNi 7k i7 i i 1k, B B B B9 i B R 1%
ih 2%

P,MoNi V5 A Ak i 22 2 it 1) 1 i 22 15 itf 4k
WK 4 Fros , INEL 4 0] LUE i B2 1 2200 1 7 T
AU, 22 85 i 2 v i e iz R S22 R Y BR
H R B FL YL I 7 P B T) Sy 30 s, BRIV O] 7 FE i B
F LN e iR DN N e 7S i 2
A3 7E 3.66~26.87 U/mL i [l N i & M Hh £ Ry 1=
0.00848¢-1.20101,R*=0.997 , fiz K A it BR (S/N=3)
4 0.4095 U/mlL,

24 FHEmEN

2.4.1  P,Moy;Ni 7K ¥ W X i 52 11 % I v s 22 1R il
ARSI 38 o X AN ] s e A% 01 T 5 1 X A
R 0 VR AE A [R) A5 4 PR MR 4, AR T A
M) 7 FEL Y AT A58 B A TR s R A5 5 1) B 5 11 X R
o ot G 00 Y T 1 T R I, 25 SR AN 2 TR ]
i T A3 B8 T S P KT AR ot A 000 Y i R R )
&N 166.0762,32.6894,15.8246,3.0283 U/
ml, HIFH LR RSD KT 5.0%, X450 5%
W], P.Mo,Ni 7K %5 W A Fig 38 130 % R e i 2 iR
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Fig.4 Chronoampere curve

it 5 2 ARG 43 AT
242 JnbRECR A A AR R oA
L 0t 1Y 1% 20 R S T, A AR R 25 T 43 0 R A T 4
IR AR AR SRS Hh i) 45 SR 5 S0 B s S R Tl 1)
WnE T MR B3R 3 AT SR AR
AR 3 AL R TR 4y Sk 98.0477%
99.5872% ,98.8489% ,3 41Af i ) RSD H IS 1E &
FRYE FE 2 N (RSD<5% ) , Ut B P,MoNi 7K ¥ T XF
A S8 P X I e T R 1 A I LA R 1 AT
Pk,
2.4.3 P,MoyNi 7K ¥ W R 1 22 1% 165 1) 4 A6 7 T 1)
FoE R REE Y E AR AE P.Mo,Ni KE W,
0.4 V~+0.6 V 1 HL A7y BBl N, 3 R 50 mV/s
W25 F T 3415 80 Bl LI FEL U T FEAS 2] 10%
PRI R DL 358 B P,Mo N I V7 X T 42 IR il F 17
Ao as AR v BLAT A B AR E

FH PoMoNi 7 W 6 # B 5 A5 149 B 98 11 X HF
FE R I R AT R PR RIS, VR4 T AT RE TR
P,Mo;Ni ¥ W% i 22 192 i 114 i Ak A FH 19 L FR 4
S, AR IR 25 AN R BT s S5 9 R I L AE ALV AR T R
2££5.0% AN, 200 5 0 # 4 SAREE 150 £ Y
SALER 100 5 ) S AL BT 50 £ 0 AL RS, B TR
By, PUIR IR (VC) , B B2 4R, B 12 7 2% i A 21 55
AR S A% 3 1N HRRE S RS I T A & v
AR R v ARG T 3 A R I 4k B A X A S 1 4R
fllég , How W S AR G T B g | O HL AT B i 21
T 0 D L A 1 RN BT DA% T LA R A 1Y

PR

®2 PMoNi B EEAXNTHBIABBHENER
Table 2 Test results of tyrosinase in Litopenaeus vannamei
Boone with P,Mo;Ni solution
A o A B4 5 BR Bl B 5 BR B
. RSD/% (n=3)
(EE RE/N-ml? RE/U-mL?!

A 162.9283 166.0762 29771
171.7749
163.5254
34.1297
31.8572
32.0813
15.8366
16.0693
15.5679

2.9657
3.1727
2.9465

W54 32.6894 3.8310

AR 10 4% 15.8246 1.5855

A 50 4 3.0283 4.1407

F3 mMiREIXE R
Table 3 Result of spike and recovery test

A N B S BR Bl sk &R/ =k RSD/%
A JZ/U-mL™! U-mL" % (n=3)
10 10.2216 98.0477 3.7750
9.6783
9.5145
15 14.9747 99.5872 1.7131
14.6658
15.1737
20 20.2514 98.8489 3.0879
19.9748
19.0832
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Catalysis of Dawson—Type Polyoxometalates on Tyrosinase in Penaeus vannamei
Ding Xiaomei'?, Dong Yibo', Wang Li"?, Wang Fang"*
(‘College of Oceanology and Food Science, Quanzhou Normal University, Quanzhou 362000, Fujian
*College of Ocean Food and Biologicol Engineering, Jimei Uniwersity, Xiamen 361021, Fujian
*Fujian Province Key Laboratory for the Development of Bioactive Material from Marine Algae ,
Quanzhou 362000, Fujian)
Abstract In this paper, four Dawson—type polyoxometalates of P,Mo;;Ni, P,Mo,Cr, P,Mo;Co and P,Mo;; were synthe-

sized and characterized. The electrochemical properties of four polyoxometalates aqueous solutions at different polyoxomet-

alates concentrations and different sweep rates were studied by cyclic voltammetry. And under suitable conditions to cat-

alyze different concentrations of tyrosinase, the catalysis of polyoxometalates aqueous solutions on tyrosinase was studied.

The results showed that the redox processes of the four compounds belong to the diffusion control process. The electro-

chemical sensing of tyrosinase all showed good stability, and there was a good linear relationship between the response
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current and tyrosinase content, and the detection effect of P,Mo;Ni was the best among the four compounds. The
chronoamperometric curve shows that the lowest detection limit (S/N=3) of P,Mo;Ni for tyrosinase can reach 0.4095 U/
mL. When this method is applied to the detection of tyrosinase content in shrimp, the sample recovery rate is 98.0477%
-99.5872%, and the method has good selectivity. When multiple interfering substances coexist, the detection result is al-
most unaffected. It shows that the modified electrode has high accuracy and stability. This study provides a theoretical
basis for the application of this method to detect the content of tyrosinase in Penaeus vannamei and other aquatic prod-
ucts, and to realize the quality evaluation of Penaeus vannamei and other aquatic products.

Keywords polyoxometalates; tyrosinase; Litopenaeus vannamei Boone; electrochemistry



