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Peptide-based bioactivated in vivo assembly nanomaterials
and its biomedical applications: a review
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Abstract: Based on the self-assembly process occurring in the human body all the time,
self-assembled nanomaterials were designed by the researchers. The self-assembled nanomaterials have
controllability, biocompatibility and functional advantages in vivo. The self-assembled nanomaterials
constructed in situ under a physiological environment display various biological characteristics which
can be used for imaging, therapy, and broad clinical applications. In situ self-assembled nanomaterials
can boost drug function, reduce toxic and side effects, prolong imaging time and enlarge signal-to-noise
ratio. By using pathological conditions to trigger specific responses in vivo, well-ordered nanoaggregates
can be spontaneously formed by multiple weak bonding interactions. The assembly shows higher
accumulation and longer retention in situ. Endogenous triggers for in situ assembly, such as enzymes,
pH, reactive oxygen species and ligand receptor interaction, can be used to transform the materials into a
variety of controllable nanostructures including nanoparticles, nanofibers and gels through bioactivated
in vivo assembly (BIVA) strategies. BIVA strategies can be applied for treatment, imaging or participate
in the physiological activities of cells at the lesion site. This review summarized and prospected the
design of self-assembled peptide materials based on BIVA technology and their biomedical applications.
The nanostructures of the self-assembly enable some beneficial biological effects, such as assembly
induced retention (AIR) effect, enhanced targeting effect, multivalent bond effect, and membrane
disturbance. Thus, the BIVA nanotechnology is promising for efficient drug delivery, enhancement of
targeting and treatment, as well as optimization of the biological distribution of drugs.

Keywords: peptide; self-assembly; nanotechnology; bacterial infections; cancer
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Figure 1

Schematic illustration of bioactivated in vivo assembly (BIVA) nanomaterials including modular

molecule designs, conditioned assembly mechanisms, and biological effect.
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Figure 2 Endogenous triggering factors and their distribution.
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Ilustration of bacterial infection imaging based on an in vivo aggregation strategy'*’!.
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%= 1 BIVA Mz 49 & K B

Table 1 BIVA response substance and applications

Stimulations Response substances Applications Biological effects References
Enzymes
Gelatinase PLGVRG Conjugat with peptide for morphology switching to Multivalent bond [27,53]
imaging or enhance antibacterial activity effect, AIR effect
Caspase-1 YVHDX Monitor the activity of caspase-1 and thransform Enhanced targeting  [28,55]
morphology to image effect, AIR effect
TG2 Polymeric active Catalyze polymerization of peptide monomers and AIR effect [29]
sites (Q and K) imaging
Phosphatase =~ GFFpY Phosphatase promotes pericellular hydrogelation and ~ AIR effect [30]
inhibits cancer cells
FAP-a GPA Turn on fluorescence and monitor the activity of FAP-a AIR effect [31,48]
B-gal FFY(Gal)G Induce supramolecular hydrogelation for selective Enhanced targeting  [32]
identification and removal of senescent cells effect
ENTK DDDDK Turn the micelles to nanofibers and rlease cargoes Enhanced targeting  [34]
effect
MMP2/9 GGGPQGIWGQGK Conjugation with peptide and rlease functional peptides AIR effect [49]
CtsB GFLG In situ construct drug depots to suppress postsurgical AIR effect [50]
local tumor relapse
ROS
Thioketal Induce the transformation into nanofibers to enhance Multivalent bond [42]
destructiveness to mitochondria effect
Oligoproline Conjugation with peptide and rlease functional peptides [49]
pH
Poly(B-amino ester)s Enlarge the partical size and release DOX AIR effect [39]
HLAH Reconstruct nanopartical and expose toxic peptide Enhanced targeting [40]
effect
Cis-aconitic Turn the micelles to nanofibers and expose toxic peptide Multivalent bond [41]
anhydride effect
Ligand-receptor
interaction
Ca®* RGD Turn the micelles to nanofibers and inhibit or kill cancer Multivalent bond [43,52]
cells effect
VEGF RRRKRR Turn the nanoparticals to nanofibers and inhibit Multivalent bond [44]
angiogenesis effect
RNA KKFKLKL Condensate with RNA for targeting cell nucleolus AIR effect [45]
LTA RLYLRIGRR Turn the nanoparticals to nanofibers and capture Multivalent bond [46]
gram-positive bacteria effect
Click reaction
DBCO and N3 Extended hydrophobic unit to aggregate into Membrane [54]
superstructures and enhance chemodrug sensitivity disturbance
fF, BB R B X BE . KRG B, XD RRBOR TR, A B

FREE, IR — LR R I H 42
T RA DR B BATWN DI, A TCHE il &k
A, AR TR, g
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