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Research progress of immobilized enzyme on nanocarriers
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Abstract: In recent years, the nanotechnology has provided a variety of nanoscale materials for enzyme
immobilization. The immobilized enzyme of nanomaterials not only has high enzyme load, but also has
excellent enzyme stability. Based on the immobilized enzyme of nanomaterials, this paper summarized the
types of nanomaterials, and the effects of nanomaterials on the performance of immobilized enzymes were
analyzed. Immobilized methods and application of nanobiocatalysis in the fields of biological
transformation, biosensors and biofuel cells were also introduced.
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Table 1 Enzymes immobilized on various nanomaterials and their applications

it £ LS ¥ 5E 7 vk S S 30k
Enzyme Carrier Immobilization method Application References
st TR HMEEE FIMK A (7]
Lipase Magnetic nanoparticles Covalent binding Fish oil hydrolysis
R Erelib ST Py B i PRI BRR £ PR A A (8]
Lipase Gold nanoparticles Physical adsorption Transesterification of ferulic
acid ethyl ester
BVt RefbA-FLA K SBA-15 Py PR IR L B i e 9]
Lipase Functional mesoporous material Physical adsorption Synthesis of diacylglycerol
SBA-15
i TR UEAMRE L SRR e asS W [10]
Lipase Chitosan-mesoporous silica hybrid Covalent binding Biosynthesis
nanomaterials
B it Z IR ANIRELR ki PIEERRRR L [11]
Lipase Polyoxometalate-metal organic Encapsulation Esterification of cinnamic acid
framework
e i e A FLRFLIL IR R A (R.S)-0-PU A ZEBE S HEAR IR [12]
Lipase Mesoporous microcellular foam Ship in a bottle Xof B P iR AL
Enantioselective esterification of
(R,S)-alpha-tetralol and vinyl
acetate
et S FRIEA IR A NG E ZAAGE TR T R [13]
Alcohol dehydrogenase Carboxyl graphene derivatives Covalent binding Reduction of CO, to methanol
(f¥4k)
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JIFv R i it

Cholinesterase
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Cholesterol oxidase

BRI A AP BN 43 JE A HUHESE
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Horseradish peroxidase

and cytochrome C

i A BR

Tyrosinase

Bty

Laccase

R

Laccase

BRI
Laccase

b

Catalase

TR

Cellulase

A AL

Glucose oxidase

WAL YK G

Epoxide hydrolase
/K G il

Nitrile hydratase

RFik-g-2R & FEMZRERRAUKRES W3R b
Polyfluorene-g-poly(ethylene glycol) Physical adsorption
and multiwalled carbon nanotubes

R LI AR A A S Wy SR
Polyethylenimine-grafted graphene oxide Physical adsorption
BRAKAE Py RRm

Carbon nanotubes Physical adsorption
R OIRTEFRTVRIR-AIRAESL SR Yy BRI R
Nano-silicon with polyvinyl alcohol
and polyacrylic acid composites

Fe;04/MWCNT-ZR AN S G hA L Py
Fe;04/MWCNT-polyaniline
nanocomposite film

Physical adsorption

Physical adsorption

EEAPUHELR
Metal-organic frameworks (MOFs)

Py BRI
Physical adsorption

Wy B

Metal-organic frameworks (MOFs) Physical adsorption

TR | A S5 . S RIIURL Ay RN
SR

Carbon nanotubes, graphene oxide,
gold nanoparticles in chitosan

AL R B EnTey
Graphene oxide

Physical adsorption

Covalent binding

TR AR N A TR 22 [ E R B FELAR: B
YR SHEL
Polypyrrole gold nanoparticle-

screen-printed carbon electrode
composite film

T HRARSAGUK IR RS AOK AL

MoS; nanosheets and gold

Physical adsorption

Wy B
Physical adsorption

nanoparticles

AR EEE
Graphene Covalent binding
BETEARAL R Py BRI
Magnetic nanomaterials Physical adsorption
WA S

Carbon nanotubes Physical adsorption
LA iR i
Mesoporous silica Ship in a bottle
IRAHLES MOF ZIF-67 f
Metal-organic frameworks MOF Encapsulation
ZIF-67

AW I P A ok 2 B [14]
R

Biosensor for the analysis of

ethanol contents in alcoholic drinks

A R AR A TR [15]
Biosynthesis and biosensing

A A% Bt T T2 R I [16]
Biosensor for galactosemia

RN B NB K S [17]
Decomposition of acetylcholine
chloride

ARG T R R (18]
A

Biosensor for detection of urea in

milk samples

A At Ik FE L A [19]
Biosensor for the determination of
cholesterol

JEIKH 2,4- ORI IR R E R [20]
KR AR

Degradation of

2,4-dichlorophenol and

rifaximin in artificial

wastewater

ARG TR i R R Akl [21]
Biosensors for the
determination of aflatoxin

A EBK A ERGR A [22]
Wi fi

Biodegradation of azo dyes in
colored wastewater

e i v 22 13 ) AGE [23]
Determination of polyphenols
in propolis

ARG T LAk [24]
Biosensors for the
determination of catechol

A5 [25]
Biosynthesis

YRR KR [26]
Hydrolysis of cellulose

kel R [27]

Glucose biosensor

FALR CIRINHETEV BT 7 [28]
Resolutions of racemic styrene oxide
JRE I (445 1 [29]

Synthesis of nicotinamide
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Figure 1 Synthesis of the core-shell structured magnetic immobilized enzyme (A)®* and magnetic mesoporous silica

nanochains (B)[33 !
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Figure 2 Schematic illustration of different mesoporous silica structures immobilized carbonic anhydrase
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dehydrogenase dehydrogenase dehydrogenase
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Figure 3 Enzymatic cascade catalyzes CO, into methanol
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Figure 5 Schematic synthesis of G-COOH and immobilization of dehydrogenase (DH) enzyme onto grapheme

G-CN G-COOH
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Figure 6 The immobilization process for LPEIs-Mn>*-bHGN nanowire
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Figure 7 Schematic representation for the preparation of MHNIO and enzyme@MHNiO (A)?", and a schematic illustration

of preparation of CONs using a MOF based hard-templating method (B
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FIBEE R 4% B4 2 18] B E B R i K BeAh,
WG R I T — e H AR AT 1 $R I 5 1 X
BERE, 1 N248—Q245—1241 1 V198—V177—
S224, VLW EATAE A 4 [ A4 1 i) A 4 T 1y T
P EE M

2 GRGERE AT

Nelson 45 PH 9y g il fin 28 21 ¢ (1 [ 7 3=
I, WZEHATE 2k T 2R E A7
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ol ) B B AN A AT, (A b
BEREMATEE ; e s A S T A
B ORFEETTH IS AR b i L R AR 3L
I, (0 I A AR b, R R LA R A
R, BATHE R RERE T Wik R
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Figure 8 Enzyme immobilization method on nanoscale

Covalent binding

(c) Hydrolysis
and crosslinking

[55-56]
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66.33%+2.57%; WFFE AT, U =g A 5 fh i )
PEARCR (kcad K (E)RAARL, - T [ AL T 1) K (LS 25
REAT, 2% BH il 51 b 5 XRG40 1 2% R0 7 385
SE ALBEFIE BYBETE 60 °C . 240 min IR BT ARLIAY
PEENE, BEMBEESIRT 15 d FRIN T
PRSI, EEARSE PR

Hong 2PNz b A7 7 el JRR T —Fh
MR G- RE R ER 25 SRR, RIVERL i R 94 K A
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FH B 53R T F A 0 0 R Z A,
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3.1 EERk

W2 A D AL D IR e — 1 . X Rk
0L 0 ) 48R R T - A 2 0 A W o 55
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BT EA, IR EARERAE 70 °C Sl P AR EFR
GrRRE R, IR T R EERR R AL & B AR R
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Figure 9 Cascade catalytic system based on nano-biocatalysis
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