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Abstract The interface connection between carrier and enzyme can be improved by functionalizing the carrier of immobi-
lized enzyme. This facilitates the formation of highly ordered two-dimensional arrangement of enzyme molecules on the
surface of the carrier, thus improving the catalytic activity and operational stability of the enzymes. The surface of Fe3Os
modified with citric acid (CA-Fe30s4) is rich in carboxyl groups, which can be used as an excellent carrier due to its magnetic
and easy separation characteristics. In this work, the adsorption method was more suitable for constructing enzyme reactors
on the carrier of CA-Fe30O4, compared with covalent method. The CPO@CA-Fe304 reactor was constructed to immobilize
chloroperoxidase (CPO) and the cascade enzyme reactor of GOx&CPO@CA-Fe304 was constructed by co-immobilization of
CPO and glucose oxidase (GOx). In catalytic reaction, H2O> was used as oxidant for CPO@CA-Fe3Os, while for
GOx&CPO@CA-Fe304, the in-situ formation of H202 was caused by the oxidation of f-D-glucose by GOx. When the molar
ratio of CPO to GOx was 3 . 4 for immobilization, the effect of the cascade reaction can reach the best. When the enzyme
reactors were applied to catalyze the oxidation of the decolorization of crystal violet, both enzyme reactors showed good
catalytic activity, affinity and specificity for substrate. The thermal stabilities of the immobilized enzyme reactors were sig-
nificantly improved. Both the enzyme reactors retained more than 55% of the activity at 70 ‘C for 1 h and more than 60% of
the activity at 50 °‘C for 8 h, while the free enzyme was almost completely inactivated under the same reaction conditions. In
contrast with CPO@CA-Fe304, the GOx&CPO@CA-Fe304 reactor showed better catalytic performance due to the in-situ
generation of H20z in the cascade reaction. And this advantage was particularly reflected in the application of thermal stabil-
ity and actual water samples. The important application potential has been shown about the immobilization of CPO enzyme
reactors on CA-Fe3Os carrier as a catalyst.

Keywords carboxyl-functionalized ferroferric oxide (CA-Fe304); chloroperoxidase; immobilized enzyme; cascade enzyme
reactor; enzyme catalysis; stability
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Figure 1 Schematic diagram of decolorization of crystal violet cata-
lyzed by immobilized cascaded enzymes
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Figure 2 XRD pattern (a), FT-IR spectra (b) and TEM (c) images of
FC304 and CA-FC304
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Figure 3 Confocal microscopy images (a, b, ¢) and TGA curves (d) of
CA-Fe;04 and enzymes@CA-Fe;04
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Table 1 Immobilization method and decoloration effect of crystal violet
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1R H2W HIX OFHAW

ik 35 1.0 76.9 55.1 39.5 32.1

WL 35 1.0 87.1 64.2 55.3 483
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Figure 5 Reaction conditions for decolorization of crystal violet cata-
lyzed by GOx&CPO@CA-Fe;04
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Free CPO 0.1003 0.03009 310.5 1.0X10*
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GOx&CPO@CA-Fe;04 0.07179 0.01651 2223 1.3X10*
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Figure 6 Thermal stability of the free and immobilized enzymes: (a) at
different temperatures from 20 to 70 C and (b) at 50 C
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Figure 8 Decolorization effects of crystal violet catalyzed by immobi-
lized enzymes in tap water and actual wastewater (From left to right,
samples from buffer and tap water, Hei river, Fengyu river, a man-made
lake)
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JE T, R A e B A T T AN R e 1, JUHRAE
HEERN 70 CHHEE 1 h 150 CTEHE 8 h R MRE
55% % 60% LA b i, T AR E] B S Sk A T Ui e UL
5842 95 0% . GOx&CPO@CA-Fes04 2 S b 2 K 2%
R L H00 B JE A A il R 28 B, AT R B0 L
CPO@CA-Fe;04 EAL T AL TERE. 5T PPl S S 45
Gy Ty B T R A T v T R A R AV 1, 1%
WEFUAE i R AR B B R RROR I FR 1, wT A
JiE T AN R SR AN R A A 2 AL R R B S £
Tt 5 R

4 SCIGERSY

4.1 CA-FesO4 iR E E L EE

ZHCHR[29], R “WE IR V] & 15 3 R A1
HitE Fes0s. ZHEICHR[30], XF A BRINHEYE FesO4 BEATHR
BB, RIS BT ERIR B Fes04(CA-Fes04) %
1.

HY 2.0 mg CA-FesO,, WEMRERZEMVEBR(PBS) L)
BEPESY 5. IO 10 pL ¥ FEN 0.28 mmol/L ] CPO ¥
(SR 1.3 mL), 20 "CF LA 200 r/min $3%. #EPE5>BS
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JE UL pH N 5 (MR Rde v, R4S B0 B2 e 1k
CPO(CPO@CA-Fe;0y).

SHCHR[31], 1E 2-(N-FEhHEIRR ) 2 Fsf R 2% v 5 Y o
F1-(3- R I 5E)-3- 2360 — W% SR £ AN N-F2 5
B35 YT IV e Tl i 2 e X AR ATV AL T ROBL 4 TR
J&, NS EEYR R R CPO BT [ & 1k
filg, EP7SEIFLMEE 1k CPO(CPO@CA-Fe;0s).

# 2.0 mg CA-Fe;04 49K H0 T, PBS R TR VL 5
TONHE A 0.28 mmol/L (] CPO AWK E R 29
mg/mL GOx W (EMAFIA 1.3 mL), T 25 ‘CTFEL 200
t/min #%3%. BEPEST B 5 LA pH A 5 LRI IR 2 X,
BIf5 2 St [ 2tk CPO Ml GOx 2% Bk B & M 8%
(GOXx&CPO@CA-Fe;0s).

Pty [] 45 2 1) 00 R FH 2% 1 i 5 1 ¥ (Bradford) #E 4T
W, FmiEAEAEIREERED. K T/ES,
CPO@CA-Fe;0, ' CPO [if [& #k & A~ 8.8 mg/g,
GOx&CPO@CA-Fes04 it B [F % 54 55.1 mg/g.

SLE] 2 A EE I 2 AR, SIOCHREY, 251 F SR
FHIR N E(FITC)S CPO. FFHH B(RhB)X GOx #H1T
Fric b3, F FITC-CPO A1 RhB-GOx & BB B i)
CPO 1 GOx ffill &SI 2 g ;e s, dEAT 0B R A
AR,

42 BEREMNE

] S PR RN 60 uL 3¢ M 1.0 mmol/L 45 & 48
PRI CPO Bk[E L) CPO, FINN— & IREE M)
Ho O, R (81 B-D-Hi &1 BE), FE¥ 20y 1.5 mL 1) ) AR
RETAHKBIRG # HIRG. FIH LI W5
THXT B E T JS B 5 a R IO AT 1, AR IR 45 R
AMERAE IR AT K A (583 num) (TG FEE AR PRIk /IS e T
RN}

it R S A AR

itz = A 10004
A4,

AT, Ao F A, 53 5 S5 E R I GRS WO FE .
4.3 FRECRNNHFSENE

7E 0.01~0.15 mmol/L i | P il i pe A48 &5 it £ ik
B, TEARFFIAW pH HoO0 WRFZ B B-D-H 4 Bl FE A AR
HIZAT R, K S5 5 = s 25 A [ 2 ik CPO T
PSR A 5 B, AR 6 8 TE SRR AE IR i 0 583
nm A0 R A S [R] PRI AR Ak, ik B TR PR O B % R
2%, tR4E Lineweaver-Burk SURIEEAE I, 53 RE 5572
N

s
V.

max

A ecad MR LA 22 5015 21):
Vmax: cat [EO]
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& F F IR MR
/L\\:—EQEP, [Eo]?ﬂﬁﬁﬂﬁ%ﬂﬁé‘/ﬁ}ﬁ [12] Tvorynska, S.; Barek, J.; Josypcuk, B. Bioelectrochemistry 2022,

4.4 EEKEREFHRRBEEMESERAM

i S A [ 2 4k CPO BT pH 5.0 /) PBS 221
o FEEUKIBHAERIRE 1 h, SR N 20~
70 C. #FEEMEFHBEIRRTEERE R, MO, N TE
5% CPO TEfm i F i 521, SRIRTE 50 CE&AF T, XliE
25 CPO K [ 5 4k CPO [ B I R ZE K, 43 31 i 7E 0~
12 h P4 i ) 5 AR v

X[ e CPO B AN, K sh— Ik
EBFETEE R 100%, FFE LR — kgt 5
Z A, DIERREMERFOR. BN TERE, RN
PR RHENE T B, W ] e T e L3 fEE LRIk 2 T
/L) RENSANA LN
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