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Figure 1 hCD47 and Self peptides inhibited phagocytic clearance and enhanced delivery of nanoparticles. (a) Near-infrared imaging of mice injected

with control NPs, those coated with human CD47, or a CD47-derived peptide. (b) Tumour fluorescence intensity'
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. BEMISE ARG TRCR. (2) TATHOI T HRARAL TR IR A L. (b), () TATHIIN T 4R 40Kk,

Figure 2 TAT enhanced cellular uptake of nanoparticles and inhibition rate of tumor growth. (a) TAT enhanced the cellular uptake of AgNP. (b), (c)
TAT-particle accumulation in tumours enables a reduction in tumour growth'®”!
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B3 MMPHTHT 928 A R Flangiopep-2 T AR K T XU AL . (a) FRBROJRT A SUHE 1) 4 25 PR R A 7R B2 AT (b) /N B R[] S I
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Figure 3 Angiopep-2 and activatable cell-penetrating peptide dual-functionalized nanoparticles for systemic glioma-targeting delivery. (a) Elucida-
tion of the dual-targeting delivery system for glioma. (b) In vivo imaging of whole body and ex vivo imaging of brain from mice that treated with dif-

ferent DiR-loaded formulations'™”
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Figure 4 RGD-modified magnetic nanoparticles for simultaneous molecular imaging and siRNA delivery. (a) Schematic illustration of multimodal
MnMEIO-siGFP-Cy5/PEG-RGD. (b) RGD-conjugated nanoprobes bind specifically to the o.f;-positive cells (MDA-MB-435). (¢c) RGD increased the

efficacy of SIRNA!*!
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Figure 5 Magnetic nanoparticles modified EpCAM-targeting peptide for CTC capture. (a) Schematic of a CTC capture system based on magnetic

nanoparticles and EpCAM-targeting peptides. (b) Capture efficiency and capture purity of Pepl0. (c) Capture efficiency of Pepl0 and EpCAM anti-
body!'?!
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Figure 6 Label-free colorimetric detection of picomolar thrombin using a gold nanoparticle-based assay. (a) Schematic of a thrombin sensor based on
gold nanoparticles. (b) 100 pmol/L thrombin made AuNPs aggregate with the presence of fibrinogen. (c) The absorption intensity of AuNPs in super-
natant at the maximum absorption wavelength reduced after aggregation'*!
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Surface modification can impart nanostructures new interface properties. In this review, we summarize the representative
surface modification methods of nanoparticles with peptides and proteins. The biomolecules can be conjugated with na-
noparticles by noncovalent and covalent coupling. Both of these approaches have strengths and limitations. Physical ad-
sorption is the most direct and simplest noncovalent method but peptides and proteins adsorbed on solid surface always
loss their native structures and biological activity and the behavior of peptides and proteins on surface is still difficult to
regulate precisely. A popular noncovalent conjugation with stability and selectivity is via biotin-streptavidin interaction.
Covalent attachment is more stable and selective than noncovalent methods. The stability of covalent biomole-
cule-nanostructure conjugates makes this strategy useful for applications in biological media with other interfering spe-
cies. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)/N-hydroxysuccinimide (NHS) strategy is
widely used for covalent bioconjugation with well-established protocol, but it could lead to hydrolysis problem, cross-
linking and uncontrolled heterogeneous orientation. The click chemistry is another covalent strategy with higher selectiv-
ity and yield, while it takes an extended reaction time. In addition to considering stability, selectivity, reaction time, and
yield mentioned above, covalent bioconjugation should proceed in mild condition and the reagents required should have
no interference on properties of biomolecules and nanostructures. In recent years substantial progress has been made in
the formation of bionanoconjugates, but there is still no completely reliable approach for biomolecule-nanosturcture con-
jugation. Heretofore fine-tuning the structure and orientation of peptides and proteins on surface has been challenging.

The efforts on improving biostability, biodistribution and targeting of nanoparticles with peptides and proteins func-
tionalization are introduced. Nanostructures are often used within body in biomedical applications, so they must over-
come an ensemble of biological obstacles to perform their function. First they may suffer from clearance from the body’s
immune system. Even though they can escape from clearance, they are required to arrive their correct battlefield. What’s
more, nanostructures need to cross cell membrane barriers and reach specific organelles such as nucleus and mitochon-
dria to function in most cases. Peptide- and protein-nanostructure conjugation has been emerged as a useful tool to ad-
dress these problems mentioned above. They could provide nanostrctures protection from phagocytic clearance and pro-
mote persistent circulation. Nanostructures can penetrate cell membrane easily with cell-penetrating peptide modifica-
tion. The specific recognition of biological molecules imparts nanostructures targeting ability. In addition, the applica-
tions in fields such as diagnostics are introduced based on antigen-antibody specific recognition.

The problems that bionanoconjugates for medical applications may encounter in use are presented briefly. Once con-
tacting with biological matrices, nanostructures will be immediately coated by proteins, forming a protein corona. This
protein layer could make significant changes in nanostructure properties such as size, surface charge and even the bioac-
tivity of the peptides and proteins conjugated on its surface, which provides nanostructure with a new biological identity.
Some previous results suggested that protein-functionalized nanoparticles lost their targeting capabilities when a protein
corona adsorbed on the surface. In short, not only should bioconjugation methods be picked carefully depending on the
goals, but also the effects of the complex use environment on bionanoconjugates should be taken into consideration.

This review is intended to help researchers get an idea of the progress and dilemma of bionanoconjugate construction and
its applications, and provide some inspiration for design and synthesis of peptide and protein-modified nanostructures.

nanoparticles, peptide, protein, surface modification, biodistribution, targeting, diagnostics
doi: 10.1360/N972018-00835
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