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Fig. 1 Advantages and disadvantages of random and directed immobilization of enzyme molecules
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Fig. 2 Diagram of the directed fixation pattern based on four amino acid residues
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Fig.3 Fusing a gold-binding peptide, a cellulose-binding
structural domain, or a carbon nanotube—binding peptide,
enables the enzyme to form directed binding to gold,
cellulose, and carbon nanotubes, respectively
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Table 1 Carbon material binding peptides
xR1 BMBES

EZ s J7 5 IR SCHR
TRAKE Ak Bl HWKHPWGAWDTL 12 [43]
B2 HHWHHWCMPHKT 12 [40]
B3 HWSAWWIRSNQS 12 [44]
B4 HNWYHWWMPHNT 12 [40]
NBI LPPSNASVADYS 12 [40]
NB2 IDVESYKGTSMP 12 [40]
BIY HYKHPYGAYDTL 12 [45]
BIF HFKHPFGAFDTL 12 [46]
Bl HWKHPSGAWDTL 12 [40]
B3Y HYSAYYIRSNQS 12 [46]
B3F HFSAFFIRSNQS 12 [46]
B3 HWSAWSIRSNQS 12 [40]
Al YFDLIWFAYSN 11 [47]
A2 IFRLSWGTYFS 11 [48]
A3 YSFWALWYPTP 11 [47]
A4 NFAWTLWYAAG 11 [47]
A5 DCIVNWTYLYH 11 [47]
Al4 RFFWISWSDDV 11 [47]
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Al6 SHNYDWSLFFG 11 [47]
EFK16-11 FEFEFKFKFEFEFKFK 16 [49]
EAK16-11 AEAEAKAKAEAEAKAK 16 [50]
EKS8 EKEKEKEK 8 [51]
VEE -3 Eoied /N GrBP5 IMVTESSDYSSY 12 [52]
SRAR IMVTESSDASSA 12 [37]
RAR 2 IMVTESSDWSSW 12 [37]
A3 IMVTESSDFSSF 12 [37]
RAB 4 TQSTESSDYSSY 12 [53]
RAZ 5 LIATESSDYSSY 12 [53]
i B B -PM GAMHLPWHMGTL 12 [54]
T SBI5-PM EPLQLKM 7 [55]
1 52J%-PM HSSYWYAFNNKT 12 [56]
12 IF-PM DELERRIRELEARIK 12 [57]
GO-PM GGGRKRIHIGPGPAFYTT 18 [58]
GO-PM GGGNSWGCAFRQVC 14 [58]
rGO-PM SGVG(VPGVG),,VPGHNWYHWWPH 266 [59]
GO-PNF/PNT GSGLMVGGVVIAAAA 15 [60]
rGO-PNF/PNT FF 2 [54]
rGO-PNF/PNT Fmoc-YD, Fmoc-FD 2 [61]
rGO-PNF/PNT Pyrene-FFA-OMe 3 [62]
GO-PNF-NPs AEAKAEAKYWYAFAEAKAEAK 21 [63]
rGO-PNF-NPs VIAGASLWWSEKLVIA 16 [64]
GQDs-PNF-NPs RGDAEAKAEAKYWYAFAEAKAEAKRGD 27 [65]
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Table 2 Statistics of CBM families that bind cellulose in the CAZy database
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Fig. 4 Schematic representation of recombinant CBM—fusion technology from cloning to immobilization applications
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Fig. 5 Analytical model diagram of SBA series biosensing based on glutaraldehyde crosslinked random fixation and CBM

directed fixation
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Table 3 Comparison of immobilization methods and performance parameters of commercial glucose sensors for glucose

determination
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Fig. 6 Glucose oxidase and horseradish peroxidase enzyme cascade were assembled on gold electrode through thiol-
modified DNA origami scaffol ™’
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Table 4 Methods for molecular characterization of immobilized enzymes at the sensing interface
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Abstract Immobilized enzyme-based enzyme electrode biosensors, characterized by high sensitivity and
efficiency, strong specificity, and compact size, demonstrate broad application prospects in life science research,

disease diagnosis and monitoring, efc. Immobilization of enzyme is a critical step in determining the performance
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(stability, sensitivity, and reproducibility) of the biosensors. Random immobilization (physical adsorption,
covalent cross-linking, efc.) can easily bring about problems, such as decreased enzyme activity and relatively
unstable immobilization. Whereas, directional immobilization utilizing amino acid residue mutation, affinity
peptide fusion, or nucleotide-specific binding to restrict the orientation of the enzymes provides new possibilities
to solve the problems caused by random immobilization. In this paper, the principles, advantages and
disadvantages and the application progress of enzyme electrode biosensors of different directional immobilization
strategies for enzyme molecular sensing elements by specific amino acids (lysine, histidine, cysteine, unnatural
amino acid) with functional groups introduced based on site-specific mutation, affinity peptides (gold binding
peptides, carbon binding peptides, carbohydrate binding domains) fused through genetic engineering, and specific
binding between nucleotides and target enzymes (proteins) were reviewed, and the application fields, advantages
and limitations of various immobilized enzyme interface characterization techniques were discussed, hoping to
provide theoretical and technical guidance for the creation of high-performance enzyme sensing elements and the

manufacture of enzyme electrode sensors.
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DOI: 10.16476/j.pibb.2024.0256 CSTR: 32369.14.pibb.20240256



