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Figure 1 Conventional morphologies of peptide assemblies (nanoparticles, nanofibers/nanoribbons, nanotubes): (a) TEM

image of nanoparticles formed by assembled cationic peptides!'l; (b) SEM image of nanoribbons assembled from peptide

amphiphiles containing four amino acids and an alkyl tail"3]; (¢) TEM and AFM characterizations of peptide nanotubes
formed by IINIGGHKE7,
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Figure 2 Molecular structure of FeFKC and schematic illustration of its targeted delivery to tumor cells for nanocatalytic
therapy. (FeFKC transforms from single chains (SCs) into nanoparticles (NPs) in the mildly acidic microenvironment of
tumors, thus enhancing its uptake by tumor cells. Subsequently, FeFKC reassembles into nanofibers(NFs) in the lower pH
environment of lysosomes. These NFs escape from the lysosomes and target mitochondria to exert catalytic activity and

generate cytotoxicity[*?]).
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Figure 3 A morphology-adaptable assembled peptide biomedical system regulated by ALP: (a) Structure and optical image of
the ALP-promoted formation of a supramolecular hydrogel; (b) Design of a peptide precursor that adaptably assembles into
nanofibrils under the intracellular ALP-overexpressed environment. In normal cells, it was degraded by CES, thereby
selectively inhibiting cancer cells with low CES expression: (c) Design of NBD-GFFpY-ss-ERGD aggregating into
nanoparticles through dephosphorylation and then assembling into nanofibers through glutathione-reduction in liver cancer
cells to kill cancer cells; (d) The phosphorothioate peptide undergoes an enzyme-induced morphological transformation into
nanofibers with disulfide bonds, targets and accumulates on the Golgi apparatus for Golgi apparatus imaging and cancer cell
inhibition7-4%1,
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Figure 4 Schematic diagram of GSH-responsive enantiomeric peptide assemblies as transformable carriers for co-delivering

suicide genes and chemotherapeutic drugs and for combined gene-chemotherapy against ovarian cancer: (a) Chemical

structures of the enantiomeric peptides R3R6 and r3R6; (b) Construction of co-assemblies based on the enantiomeric peptides
R3R6/r3R6 and PTX through the co-assembly of the enantiomeric peptides R3R6 or r3R6 with pDNA encoding the suicide
gene and the chemotherapeutic drug PTX. The disulfide bonds of the polypeptides are cleaved by intracellular GSH, thus

promoting the morphological transformation from nanoparticles to nanofibers and the co-release of pDNA and PTX[],
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Figure 5 The transformable scaffold DPEIM controlled by in-situ ROS generation and featuring cascade therapeutic effects to

promote tumor penetration and enhance the combined photodynamic and chemotherapy efficacy: (a) Schematic diagrams and
AFM images of the preparation of the delivery scaffold DPEIM via the co-assembly of peptides EIM, Ce6-EIM, and CPT-
EIM, as well as the co-assemblies DEIM, PEIM, and DPEIM; (b) Therapeutic effects in 4T1 breast tumor-bearing mice, and
the curves of volume and mass changes of mouse tumors under different treatment methods!®?,
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Figure 6 Self-assembled D-peptide nanofibers form an intercellular hydrogel: (a) NBD-ffs,y consists of three segments and
its reaction in response to phosphatase; (b) Schematic diagram of the transcytosis-mediated dephosphorylation of the D-
peptide assembly that forms the intercellular hydrogel. These hydrogels may interact with fibronectin and enable dispersed
cells to form cell spheroids; (¢) TEM image of NBD-ffs after the addition of ALPI8],
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Figure 7 Caspase-3-triggered intracellular self-assembly of polypeptide-gadolinium nanoparticles for T;-weighted magnetic

resonance imaging of apoptosis in vivo: (a) Chemical structure and mechanism of the probe DEVDCS-Gd-CBT. Under
reducing conditions, this probe responds to caspase-3 to form gadolinium nanoparticles (Gd-NPs), along with a schematic
diagram of its application in weighted magnetic resonance imaging; (b) T,-weighted magnetic resonance images of healthy/
tail-amputated zebrafish injected with DEVDCS-Gd-CBT/PBS, respectively, and the ratio of the gray-scale value of the lesion
site to the body!”3l.
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Review

Morphology-Adaptable Peptide Assemblies for Biomedical Applycations

WANG Shu-ya, YU Zhi-lin"
(Key Laboratory of Functional Polymer Materials, Ministry of Education, State Key Laboratory of Medical
Chemical Biology, College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract Morphology-adaptable assemblies of peptides, as a new category of biomaterials, exhibit unique
advantages in biomedical applications due to their dynamic structural feature and precise stimuli-responsiveness.
This review systematically summarizes the molecular mechanisms of morphological transformation in peptide
assembly, elucidated the critical roles of non-covalent interactions, including hydrogen bonding, hydrophobic
effects, and m-n stacking, in morphology regulation. Focusing on endogenous stimuli such as pH value, enzymes,
and redox gradients, uncover the mechanisms by which biological microenvironments regulate assembly
processes, highlight the applications of morphology-adaptable peptide assemblies in tumor-targeted drug delivery,
tissue engineering, and bioimaging. These systems are featured by spatiotemporal drug release, extracellular
matrix remodeling, and signal amplification through in situ morphological transformations, thereby significantly
enhancing therapeutic and diagnostic efficacy. Despite challenges in clinical translation regarding precise
characterizations and scalable production, the precise adaptability of these peptide assemblies provides paradigm-
shifting strategies for design of next-generation biomaterials.
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