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Multifunctional Biomimetic Surface Constructed by Polynorepinephrine

HAN Yaning' LIU Hanyun® FENG Weihua® MA Hongchao' YANG Limin' JIANG Lei'
(1. State Key Laboratory of Heavy Oil Processing and Center for Bioengineering and Biotechnology, College
of Chemical Engineering, China University of Petroleum (East China), Qingdao 266580, China;

2. The Affiliated Hospital of Qingdao University, Qingdao 266003, China)

Abstract: Mussels can secrete adhesion proteins, which allow them to adhere firmly to various surfaces even in humid marine
environments. Polynorepinephrine (PNE) is a mussel-inspired biomimetic material with many desirable properties, such as simple
preparation process, good biocompatibility, strong adhesion, easy functionalization, and high efficiency in photothermal conversion. It
can be formed by the selfassembly of norepinephrine (NE) monomers in weak pH environment. In addition, NE is able to aggregate
and form nanoscale PNE film on most substrates, providing the bionic surfaces with strong hydrophilicity, chemical stability, and
excellent biocompatibility. In recent years, the multifunctional nanoplatforms have been constructed based on the excellent
physicochemical properties of PNE, with wide application in tissue engineering, biosensing, electrode optimization, cancer therapy,
etc. This review focused on the fundamental structure, properties, and application of PNE, with a view to discussing the challenges
and future of PNE research.
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Table 1 Functionalized substrates for PNE coatings and their applications
Substrate materials Application performance Functions and applications References
Titanate nanotubes( TNTs) Bioadhesive As a novel hybrid carriers for enzyme immobilization to [28]
immobilized catalase (CAT).
Three-dimensionally ordered macroporous — Bioadhesive Immobilized penicillin G acylase ( PGA) applied to the [29]
(3DOM) silica batch reactor and the packed bed reactor.
Poly ( dimethylsiloxane ) ( PDMS), poly Bioadhesive Culture of human neural stem cells(hNSC) [30]
( tetrafluoroethylene ) ( PTFE ), tissue
culture polystyrene (TCP), and glass
Tissue culture polystyrene ( TCP) Bioadhesive Use adeno-associated viral( AAV ) as gene carriers as a gene [31]
delivery system.
Highly ordered pyrolytic Bioadhesive Adhesion fibroblast cells [32]
graphite (HOPG) (NIH-3T3) to prepare of bioactive carbonmaterials which
is applicable in tissue engineering or re-generative medical
devices.
Polyetheretherketone ( PEEK) Promotes cell proliferation  Activates osteoblast proliferation and differentiation and [34]
and differentiation induces macrophage transition to anti-inflammatory/wound-
healing M2 phenotype for modification of implantable
biomaterials
Polycaprolactones ( PCL) Promotes cell proliferation PNE coating preferentially promotes the proliferation of [ 35]
and differentiation hiPS-MSCs and can be applied to tissues of specific cell
types.
Polycaprolactones ( PCL) Promotes cell proliferation  Increases muscle cell adhesion and proliferation, can be [37]
and differentiation used for tissue repair.
Immiscible blends of polycaprolactone  Promotes cell proliferation 3D neural cell culture for nerve tissue modelling and [38]
(PCL) and polyethylene oxide (PEO) and differentiation engineering.
Poly ( lactic  acid-co-caprolactone )  Promotes cell proliferation ~ Promotes PC12 cell differentiation. [43]
(PLCL) and differentiation
Polydimethylsiloxane ( PDMS) Promotes cell proliferation  Microfluidic devices optimized for OOC ( organ-on-a—chip) [45]
and differentiation applications.
Saccharomyces cerevisiae Cell protection Protect cells and endow cells with multiple resistance against [47]
lytic enzyme, desiccation, and UV-C irradiation.
Quartz fiber Cell protection Monitoring the presence of acidic drugs in living fish. [48]
PNE nanoparticle Drug loading Doxorubicin ( DOX) loaded for cancer treatment [17]
PNE-PEG @ DOX nanoparticle Drug loading Realize the pH and laser response release of DOX [18]
FeOOH@ PNE nanoparticle Photothermal conversion Chemo-photothermal cancer therapy [19]
Carbon and glass fibers Adhesion Enhanced interfacial properties of fibers [50]
PNE nanoparticle Fluorescence Measurement of NE in urine samples [20]
Graphene oxide (GO) Electronic transmission Simultaneous surface functionalization and reduction of  [55]
graphene oxide by PNE coatings.
Reduced graphene oxide (RGO) Electronic transmission Facilitate photocatalytic water oxidation processes. [57
Graphene oxide (GO) sponge Electronic transmission Used as a new type of pseudocapacitor. 52]
Perovskite nanoparticles Electronic transmission Increased stability of Perovskite nanoparticles and their 62 ]
photoelectronic conversion efficiency in photocatalytic.
Au nanoparticle Electronic transmission Preparation of a new glucose biosensor.
307 kDa poly ( ether sulfone) (PES)  Hydrophilic Prepared the ultrafiliration membrane with antifouling 65]
ultrafiltration membranes property.
poly ( methyl methacrylate) (PMMA) Hydrophilic Reduce the background noise caused by nonspecific [ 66]
adsorption of microfluidic chip.
Polydimethylsiloxane (PDMS) Hydrophilic Separate chiral compounds such as amino acid enantiomers, [68]
drug enantiomers and peptide enantiomers.
Molecular imprinting polymers ( MIP) Hydrophilic For the early detection of Troponin 1. [69]
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( Continued)
Substrate materials Application performance Functions and applications References
Magnetic nanoparticles Hydrophilic Extracted targetedB—blockers from urine samples. [71]
Poly ( lactic acid-co-caprolactone )  Hydrophilic Extraction of sulfonamides. [72]
(PLCL) nanofibers
Graphene Hydrophilic PNE-modified graphene electrodes for organic solar cell [73]

fused-silica capillary Surface activity

Polystyrene (PS) Surface activity
Au substrates Surface activity

Graphene electrodes Surface activity

NiO, YSZ, and LSM pellets
Polystyrene (PS)

Surface activity

Structural color

applications.

Isolated amino acid enantiomers. [74]
Storage and release of NO. [15]
Immobilization of two different types of polymerization [75]
initiators on solid substrates.

Detection of Ubiquitin carboxyl-terminal hydrolase ( UCHL- [76]
1) biomarker of brain and spinal cord injuries.

improvement of cerium oxide deposition. [77]

Used to prepare structural color pigments. [78]

Characteristic
Biocompatibility |- 4 w y 2 y
Photothermal |- 2 i
Bonding ability |- "]
Fluorescence | y
Electronic transfer |- L 3 V)
Hydrophilic |- Y 3
Surface activity [ u 1// 1] L
Structural colors |- y
1 1 1 1
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Fig. 29 Based on the classification of basement types,
the application of PNE characteristics is summarized

(Number represents the number of applications)
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