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Advances in enzyme immobilization based on hierarchical
porous metal-organic frameworks
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Abstract: As an excellent hosting matrices for enzyme immobilization, metal-organic framework
(MOFs) provides superior physical and chemical protection for biocatalytic reactions. In recent
years, the hierarchical porous metal-organic frameworks (HP-MOFs) have shown great potential
in enzyme immobilization due to their flexible structural advantages. To date, a variety of
HP-MOFs with intrinsic or defective porous have been developed for the immobilization of
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enzymes. The catalytic activity, stability and reusability of enzyme@HP-MOFs composites are
significantly enhanced. This review systematically summarized the strategies for developing
enzyme@HP-MOFs composites. In addition, the latest applications of enzyme@HP-MOFs
composites in catalytic synthesis, biosensing and biomedicine were described. Moreover, the
challenges and opportunities in this field were discussed and envisioned.

Keywords: metal-organic frameworks (MOFs); hierarchical porous; immobilized enzyme;

biocatalysis; biosensing; biomedicine
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% 2 HP-MOFs [E € ¢ B 5% B B 45 = b3k

Table 2 Comparison of different approaches for enzyme immobilization in/on HP-MOFs

Immobilization strategy =~ Advantages

Disadvantages

Pore entrapment
(2) High substrate selectivity

(3) Enhanced stability and reusability

One-pot
(2) Simplified operation steps
(3) Reduced enzyme leaching

(4) Enhanced stability and reusability

(1) Enhanced enzyme loading efficiency

(1) Enhanced enzyme loading efficiency

(1) Limited mass and heat-transfer efficiency
(2) Complicated process for HP-MOFs preparation

(1) Strictly controlled conditions
(2) Decreased catalytic activity

(5) No dimensional compatibility required

R RO A T M DL B . A LA
pH FIHASL R T 52 P . Dutta 2PN I1&
BT BT MOFs [ Z I AK SO 4 .
WA iR Pd NCs [nanocrystals, NCs, E1%
(2.6£0.4) nm B{(5.2+0.4) nm]af Pt NCs [E %
(6.1£0.9) nm] Il A& i DP-ZIF67 HRTIATR &
o, A A B R GOR ORI LY MOF
(Pd@DP-ZIF67), Pd@DP-ZIF67 Hf{ifL T L
VER/INF 9 BGEIE , AL T [ 22 Tk
RE Wil A (Candida antractica lipase A, CalA, %
6.3 nmx5.6 nmx4.2 nm K/,

FLIE B %0 [ AL g 4t T —Fha 2y
Jrik, MOk Z HP-MOFs il £ ik ag 8t , i
3 MOFs BYFLIE R AT 4540 FfL PR 28 AR T 12 114
W, IS AR B EEICHD, IF A% )
7= ) ) fi ik R AL T VA A RO e e pE 12,
SR, HP-MOFs il £ T i BB, & 554

BRI G, FEOR Y — AU % 77
FERXER20 0 jeah WS RUR Y A B
FEAE—E MR T, e 223 )55 11 5 A Tt 17 A Ak
PERERY,
22 FRAFEIEE

J A A R RS B MOF's [ T4
—EIMARFR, fEfFIE)EAE K MOFs 4544,
B — 25 S B ) 255 LU & MOFs 136l 4 (] 1B).
WICIC T T (1 — B SR W% AN 52 MOF's FLIE 2%
PRI ST B S MR  TE Jor 4 o o K A 7
W WE L KSWAEE ST, TR AR
B S54LiEBEEM L, RO E R T
it 135 R v T Al ) e T AT B
RFHMERT, BEr, # TR E R MOFs
F A ZIFs. HKUST-1 il MAF-7 %, Hrfr,
T ZIF-8 WA AR A, JoBE MM A [
SE AT 5 0 B AT B2 Ak R/ U447

(A

(B 2
'4;2 - i p : ;-..."'
pra= - o 0 i L
. € | + T . 4
0 o — 4N — L L1 LAk 0 &: R AN/
) ; 7|/
/ -
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1 HP-MOFs [E 3 1L g 89 5 B
Figure 1
method. B: In situ encapsulation method.
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A: fLIEBED. B: JEALERE

Diagrammatic sketches of enzyme immobilization strategies in/on HP-MOFs. A: Pore entrapment
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MOFs & % (Fe. Zn. Zr Fl Mn 25 A —E K
g FE U B H AT & T MOFs #2547
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