afX £

Synthetic Biology Journal 202s6(4).806-828 2025 £ % 6% % 4 33 | waw.synibioj.com

S N B DOI: 10.12211/2096-8280.2025-043
R TR IR

= b AR FMORHI 5 A e SN

AT RESY AT, RARNL BRSO B, AEE, DRV B BEN
ER, HE
CERIVAFEEERTFR, LA BER 210009; * HRAAFIRLAEBELLRE, ITH BX 210009

WE: SHERAVHEHSBNEMHMEAIEENEDES S, EEMERMEHIFSHUSEREEXH
NMFRED . A, ERSNVRBNSHEOTHEIMES L, -8R, SFHER. BLRNESS. G
EMAEAFHRAORZRFR, PRRIXERRIRM T O RE . ARRRRDE TILERSHIEROREIEY
Bl SMRNARE, ERRETERENFERRSHEROAMETE . TR LIRINESHFES S EAT
%, 2ERETERNIELINRNHER. BEREAMBLELZEAFHTELRIBRRITISNERE, N
mreREHEORHEF SN L ERE . B, FATXEEARHEENHSTNERIEREDE
ROIREFILES , WM NERREEFMIE . BREREBRGRFMIIELANL SR EBRIR @R . B SENFTS
%, LIS HMEORETE . MR EAIRE), IMEEARRTE. RAMIMEFWHAINA. &
&, RETAMERENFESHEAV NSNS TR R, FEETERRNAELR, HksH
88 SRS ERMEHRM T A BIRAIRES .

Xigial: SRR, EMHESH, ERE, SENF

hES#ES: Q816  WNEkREEG: A

Synthetic biology and applications of high-adhesion

protein materials
LI Quanfei"” *, CHEN Qian" >, LIU Hao" *, HE Kundong" *, PAN Liang" >, LEI Peng"*, GU Yi’an" ?,
SUN Liang" ?, LI Sha" *, QIU Yibin" *, WANG Rui" *, XU Hong" *

('College of Food Science and Light Industry, Nanjing University of Technology, Nanjing 210009, Jiangsu, China; ‘State Key
Laboratory of Materials-oriented Chemical Engineering, Nanjing 210009, Jiangsu, China)

Abstract: Due to their exceptional bioadhesive properties and potential biocompatibility, high-viscosity protein

materials exhibit significant application prospects in the fields of biomedical materials and adhesives. However,
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traditionally sourced high-viscosity protein materials encounter numerous challenges, including low yields, structural
complexity, and difficulties in scaling up production. Synthetic biology, as an emerging interdisciplinary field,
offers innovative strategies to address these bottlenecks. This review systematically summarizes recent advances in
the biosynthesis, modification, and applications of high-viscosity protein materials, focusing on the advantages of
synthetic biology in addressing issues related to the yield, controllability, and functional diversity of these
materials. The precise design and efficient expression of adhesive proteins, such as mussel adhesive proteins,
barnacle cement proteins, and scallop foot proteins, achieved through genetic engineering, are comprehensively
reviewed, demonstrating the overcoming of limitations in the production and controllability of high-viscosity
protein materials. Furthermore, the unique advantages of these protein materials in bioadhesives and functional
medical coatings, such as the wet adhesion of mussel proteins, the strong adhesion of barnacle cement proteins, and
the tunable properties of elastin-like proteins, are summarized. By employing synthetic biology approaches,
limitations in the yield, performance, and functionality of high-viscosity protein materials can be overcome, thereby
accelerating their application in areas such as tissue engineering and surface modification. Finally, the latest
advancements and innovations in the field of synthetic biology for high-viscosity protein materials are summarized,
and future development directions are envisioned, offering new ideas and strategies for the development of high-

performance, multifunctional high-viscosity protein materials.

Keywords: high-adhesion proteins; bioadhesives; functional coatings; synthetic biology
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Table 1 Comparison of common host cells for recombinant protein production
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Table 2 Comparison of characteristics of common protein purification methods
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Fig. 1 Structure and adhesion mechanism of Mfps
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Fig. 2 Applications of Mfps in underwater adhesives
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(a) Application of a recombinant mussel protein-based double network hydrogel coating in medical catheters®”
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(b) Hemostatic dressing based on mussel and silk protein nanofibers!*")
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(c) Nanofiber conduits based on mussel protein glue accelerate functional nerve regeneration!
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Fig. 3 Mussel protein-based medical materials
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Fig. 4 Applications of other marine adhesive proteins, such as those from barnacles and scallops
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