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Understanding the mechanisms for intracellular delivery is paramount to develop
smarter and more efficient strategies. Among well-known cell entry routes, endocytosis
pathways, particularly macropinocytosis, are attractive for the delivery of
biomacromolecules. Macropinocytosis 1is an inducible, actin—dependent form of
endocytosis. This process is performed by cells to ingest large amounts of extracellular
fluid and materials into vesicles known as macropinosomes. External stimuli, such as
growth factors, could activate this process to facilitate large scale and cell-wide
uptake. Utilizing macropinocytosis as a cellular entry route could improve the
efficiency of intracellular delivery

This dissertation illustrates the identification of novel macropinocytosis—inducing
peptides and their potential as a tool for intracellular delivery (Chapter 1), and the

active chemical species and their mechanism for macropinocytosis induction (Chapter 2).

Chapter 1: Nucleic acid and Protein Delivery Using a Macropinocytosis—Inducing Peptide
Combined with a Membrane—-Lytic Peptide
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Intracellular delivery using endocytic pathways require (1) the accumulation of cargo
molecules into endosomes, and (2) an effective method for endosome disruption to release
the cargoes into the cytosol. Macropinocytosis non—preferentially engulfs extracellular
materials in large quantities and accumulates them in macropinosomes. This characteristic
of macropinocytosis should have merits for the intracellular delivery of large functional
cargoes. This chapter will discuss the use of an identified macropinocytosis—inducing
peptide, fused with a physicochemical disruptor of endosomes, to deliver functional
nucleic acids and proteins into cells.

It has been reported that the interaction of CXC-chemokine receptor 4 (CXCR4) with
its ligand, stromal cell-derived factor (SDF)-la, leads to macropinocytosis. To identify
potent macropinocytosis-inducing peptides, N-terminal peptide segments of SDF-1« were
synthesized and their macropinocytosis inducing activity was evaluated in terms of 70
kDa dextran uptake. A peptide corresponding to the 2l-residue peptide
(SN21: KPVSLSYRCPCRFFESHVARA-amide) was identified as a potent macropinocytosis inducer.
Its activity was also confirmed by inhibitor experiments and by visualizing actin
reorganization. SN21 was then combined with the membrane-lytic peptide LK15 (SN21-LK15)
to facilitate cargo release into the cytosol. Effective intracellular delivery of nucleic
acids (plasmid DNA and siRNA), immunoglobulins (IgGs), and genome—editing proteins (Cre
recombinase and TALE-VP64) were achieved using SN21-LK15, suggesting that
macropinocytosis—based delivery successfully accommodates biomacromolecules with

different physicochemical properties.




Chapter 2: Important Chemical Species and Their Mechanism to Activate Macropinocytosis
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Although SN21 is derived from the N-terminal segment of SDF—1a, SN21 lacks interaction
with CXCR4 to activate macropinocytosis. Structure—activity relationship, analyzed by
alanine scanning, revealed the importance of residues Y7 to F14 for the activity. More
importantly, mutations on the positions 9 or 11 abolished the activity of SN21. A 8-residue
derivative of SN21 (P4A) was established, showed a similar increase in dextran uptake,
and was used to study the modes of action of the peptides. HPLC analysis suggested the
formation of active P4A species immediately after addition to culture media. Amino acids
in the media are critical in forming active P4A species. More importantly, dextran uptake
was not stimulated in the absence of formed products, and chemically synthesized active
P4A species induced high levels of dextran uptake, suggesting them as the active
components in the activity of P4A.

These peptides activate phosphoinositide 3-kinase (PI3K). This finding suggests that
SN21/P4A-mediated macropinocytic uptake may share a similar mode of macropinocytosis
activation with growth factors such as through the epidermal growth factor receptor (EGFR)
or the platelet—derived growth factor receptors (PDGFR).

This dissertation highlights unique aspects of macropinocytosis induced by
SDF-lo-derived peptides, 1its applicability to intracellular delivery, and the
mechanism—of-action. These should contribute to the development of intracellular
delivery systems of macromolecules and should have implications on the fundamental

understanding of macropinocytosis
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