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Application of metalloporphyrin and methanobactin-Cu peroxidase mimic
enzyme in food safety detection
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ABSTRACT: In the past, natural peroxidase has been successfully used to detect hydrogen peroxide, glucose,
cholesterol and other substances in food. However, its large-scale application has been limited due to poor stability and
high purification cost. At present, peroxidase mimics have been widely developed, and metalloporphyrin complex is one
of the most important ones, which has the advantages of high catalytic activity, strong stability and low cost.
Methanobactin (Mb) is a copper-binding small peptide, excreted by methanotrophic bacteria under copper-restricted
conditions, which can specifically bind copper ions. It is reported that methanobactin-Cu (Mb-Cu) has peroxidase
activity. This paper mainly introduced the application of metalloporphyrin peroxidase mimic enzymes and Mb-Cu
peroxidase mimic enzymes in the detection of small biological molecules such as glucose, cholesterol, dopamine and

harmful substances such as calcium malathion, phosphorus and copper ions in food, and emphasized their reaction
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mechanism, so as to provide some help for researchers to improve the design and synthesis of peroxidase mimic enzymes.

KEY WORDS: metalloporphyrin; methanobactin-Cu; peroxidase; mimetic enzyme; food detection
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Fig.l Synthesis of porphyrin by Alder-Longo reaction
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Fig.2 Schematics showing the structure of metalloporphyrin with
metal ions of different radii
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Fig.3 Schematic illustration of porphyrin nanocomposites as a peroxidase mimic for glucose detection
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SRR BN R, A Mb-Cu HA i B LRSI, 2
BRI — T AR Mb-Cu Fi&#I(Mb-Cu, Mb,-Cu,
Mb,-Cu) L EALYIREE I, 2552 Mby-Cu BAFIFH T
HLE LR, I Ferm AR o B, AT Mb-Cu
YE2A HRP HEAIN F T4 U a2 Al v

2.1 CaO, By

CaO, R—M AL E Y, LA FEER 3 A
FAHSE, THB T CaO, Wi EFHS BT HEERN SR,
FEIFE R, 2011 48 5 A, WESELEIRE Ca0, 1
NSRRI A B 5 O (B AR R N 8 SR A
%%, TEMHEEERIN Ca0,, i, £1XH#F Ca0, 1
R AR

B, &% CaO, MR INA A1k . S AR IR 2
¥ IR A EDTA 245010 M i i gy
fift CaO, )"k O,, M1t O, YA B R R CaO, Tt XFh
W 7k BER R N ANE—S, H BRI T R R
R ) o v R T v R A 3 T s o e P — 3
PRI 25 R Bl 22 . MRS, [l kA
EDTA J5LREHS 7 /IR iR MG i #Es, SCBL CaO, HKEIN. {H
(EARSR AR, XEE AR s F 4l CaO, AR, 1A
WA TR CaO, K, KRR R Y Ca0, I
PR R HyO,, #RJ5 LA Mb-Cu 125 POD Bk H,0, 5
KPR B Az AR R, R IR B CaO, [ 41-1]
DLW SO TEE SEEE CaO, AN . IXFP T IATE 0~8 mg/L H
BARGFIILRIE R ZR, KR 1.82x1072 mg/L. XAl 7
DT EIREE, MU T8k Had TR CaOo, kil i
M, WS BRY M. XIN FEPHE T -2
Mb-Cu—4- 54 Hk 2285 HeAR—2% 3 o] W0 AEAS DU DA Hf CaO,
BER, BITE HyO, f71E T, 4-F LR LM FIZR 4 Mb-Cu
U R VL N S (Y i A A W NS O v = m N0 /=
FE A =505 nm ZbH BRI X AR R 7E 0~10 mg/L
HAT AP IR R, KRN 3.34 png/g. AR S 404
T HRP—4-S LR AMR—R B RNV R, ERIRET
TR CaOy, RGN, {EHCDAZHTHE HRP HEALAG I S FiTHF
INERERATRNY pH W Z ok, XS os IR BT
Mb-Cu BB B 42 T SR HRP HA B pga &1, Xt
N PRBE R pH JCEEsR, BRI T BB B R Ak T P RN o 3X
FCRS I 7 v S A TR I AR, fR ol T R SR e 4 SR
Gy JE MER, AEASR BRI B BLAL Y, RARAHE
Fiste DL ERGE C TR b CaO, Bl 2 80in2 1 Bk,

F1 EHF Ca0, MEH

Table 1 Parameters of CaO, in flours

iA1= i y %
2R PEVE & H

wE LAEIE K i R it

Ca0O, Mb-Cu 0~8 mg/L 1.82x10% mg/L  [52]

Ca0, Mb-Cu 0.4~10 mg/L
CaO, HRP 0.4x10°~1x10%mg/L

334 mg/kg [53]
7.4 mg/kg [54]

2.2 $EE RIS

AR, A KR KON I8 SR B SRS R 5] 1 S AR
£ AR, TAEEAS ISR e A, 1l
T4 Y SRRSO, WVRAE o DR MR RS
W cu’ W TR EMA S A EARIEWEE, Fit, e
KR SRR o Cu® B MR DOEEAG I B T

Bt E 4 S BRI 4 RT3l 3 R Al
B AREE AR LD Sk UERE, (2
Wi o5, JF W2 E 2T B . T, Atk
DAL R BERRELE, MU E AR B TR
Kk —. BEMEEDE & Mb-AuNPs 1811 4 B, @it
VAR AT Cu®* o X Bl 3k £ BT Mb X Cu™ By
S, FA R R AR e

b 02 o — R E & Ja B T DR Oy vk, AN R
FELOBUAIR, T ARSI I . Mb EH6 5 9K 4
(gold nanoparticles, GNPs)7E Cu® B F &k BB, %
Fi SR AR PR G 7 2240 ] WO T . Xl IRk
AN, BSH Mb-GNPs AR Cu® %+, Mb-GNPs
KRR, MSEEL Cu B AT RGN . (R 76 J5 2k
LV P R B, Co™ a4 S i —E Tk X1
F PRSI R, T GNPs-Mb-Cu i E AL ¥
AL X A AR 2R . PSR, Cu® BENS 5 R
GNPs-Mb BAMEEE P, B 5 Cu™ ¥R E7E 10~600 nmol/L F
AR R, BHBRM 57.9 nmol/L., & —MEFsE &
B IR RN Co® BRI L —rE . HAl, SRk e R
F BB LA AR A B R, HA R B el A RS
W, ATHEME B 2RI T Cu R
2.3 BRI

W), ST HAR I A AR IR AR I R LU
AR RGN o E R RS AR AP A E— B R 2, A [
ERTPRE S AR . ARES. Bk, JFE—F ML
B PR REIA R ECEE, B, AT GOx
POD ok HAR DL [ AG I 4 2 A7 T i 2 WA kA T, B G
GOx AfHE £ H,0,, #R)5 POD s HBH Gk
H,0, AR MR A L. sk i E Mb-Cu, 4K
4:(AuNPs)Fl GOx K& Mb-Cu@AuNPs—GOx HillliA&Z ,
ZAk &L GOx i Ak H A B A H0, RS
Mb-Cu@AuNPs BALIEAEAY Hy0, 55528 1l S - A &
TE 1x107°~5% 10" mol/L 7t Bl Py HA 4 il 8 ek A vk
AH G B USRI, IR TR %6 T 75%.
WANG 2217 5 il i S il B, # F — Fof X2 A 55 400 ity
FAD-Mb/Cu-Mb@AuNPs, 3Z Bl — & 7k #6 I 45 245 4 -
FAD-Mb/Cu-Mb@AuNPs [ F 24 LT L (Vi
Au-S #E% Au-NH %, ¥ Mb [ETE AuNPs M, %
Mb-AuNPs Z5F{A; (2)ffiBh Mb H1-COOH 58 K MRS — 4%
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& (flavin adenine dinucleotide, FAD)454:, 15 A5 4Ll ff fi¢)
GOx 15 1E; (3)fE5 B Mb HEFPEHE Cu™, JE AL Mb-Cu, JE5AL
FURGY POD i1 o AT 3R Ty A (D e EL A A 4
ALEEFI E AL RSV . WA TMB IR SR 4
TR ) AL A TS B Y ox TMB, AT S B i %
BRI . SOPPRSIN T PR AR . D . IR AT I, fif
T FFH B SRR B TR BRI A 2 O, A R4 rp
KT AN A FE PRI S 50Nk 2 k.

3 HRIE

ST AU (Y LU R TE £ Al 4 s I H.
AEIEMAL, EHA TR . 1R TR R AF

PUnio AHECT R IR, HEIDURERP 70 % 25 1 AL A A BT
L RE PR A RIS A o X A DA 7 S B o FH P )
—R5ER

R IRAE o S ALY DUG 114 K 8 5 T 2 22 BT H g
WFFE R, (EILATSAL T IF K B B, 4T3 0 23 [ L 2 5
Peo Herp R 5 i BB BRI B . 5 S RS
F BB 2 5 AORPRH I 5, AP e PE R GBI, XELL
BT A GOKREIR AN . 5 EemTE vl 3 B4 UCHE
HAY ARG . 5 HATE T A i A AU A
tt, Mb-Cu 3 A ALK — i b B B

BT 2, oo SR A DL £ i 2 A D+ i
FHREA FLIB LA B, FEARREARKAIF K AT

Fx2 AERPFEYNITFREEYRNENSH
Table 2 Parameters for the detection of small biological molecules and harmful substances in food

LivallE7/ b5y 1 AL Y LR LG /(umol/L) #: tH BR/(nmol/L) E =N
HIE B Fe-MIN/ZIF-8 0.05~20 0.05 [18]
ikt FeTMPyP 3~100 0.5 [20]
HIAT B Mb-Cu@AuNPs 1x10°~5%10* — [61]
Eikatia FAD-Mb/Cu-Mb@AuNPs 2x10*~8x10°* 0314 [62]
JIF ] e Por-NiCo,S, 1x10*~9x10° 19.36 [25]
JiENE] i Por-Nis,/GO 100-600 34.9 [26]
EAutiis Por/Co0Q/GO 0.2~10 0.1391 [33]
ZE Por-CuCo,0, 10~100 0.94 [34]
EARN IS Por/MoS, 1~60 0.33 [35]
TR Azo(Fe)PPOP 0.01~0.1 0.0085 [41]
Ccu** GNPs-Mb 1x1072~6x107" 0.0579 [60]
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