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Young investigator’s Oral Presentation
Award “Excellent Stone Award”
at the 57t Japanese Peptide Symposium

I had the plea-
sure to attend as a
Young Investigator

Oral Presenter in the
57" Japanese Peptide
Symposium, held last
November 9 - 11, 2020.
Due to the on-going
COVID-19 pandemic,
the symposium was
held online. Nonetheless, participants proudly
showcased their works and actively participated
in scientific discourse. Our utmost appreciation
goes to the symposium organizers for selecting
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our presentation entitled, “Extracellular thiol-
disulfide exchange reaction produces potent
macropinocytosis-inducing peptide analogs”
as the recipient of the “Excellent Stone Award”
sponsored by Kokusan Chemical Co., Ltd. We
are grateful for the recognition that this award
gives to our work. I especially thank Prof. Shiroh
Futaki for the opportunity to study peptide-based
chemical biology and intracellular delivery
strategy.

Recent drug discovery efforts are becoming
more interested in biologically compatible bio-
pharmaceutical agents (ex. antibodies and en-
zymes). Although the advances are promising, we
believe that giving biopharmaceutical agents ac-
cess to cells’ internal structures should extend the
range of their therapeutic uses. Moreover, effec-
tive intracellular delivery of exogenous reporter
molecules should impact how we understand the
cell’s complex systems. One of our group’s strate-
gies to achieve intracellular delivery is to induce
endocytosis pathways and understand the molec-
ular mechanisms performed by peptides that de-
liver exogenous biomacromolecules into cells.

Peptide-based strategies commonly deliver
their cargoes either through direct membrane
penetration, coat-protein mediated endocytosis
or macropinocytosis. Direct penetration through
the cell membrane allows the cargoes to access
the cytoplasm and perform their biological
functions immediately. = A common strategy
to achieve this is by conjugating cargoes with
cell-penetrating peptides (CPPs), such as Tat and
octaarginine (R8)!. The mechanism of achieving
direct membrane penetration could vary depend-
ing on the CPP. For example, R8 enters through
the loosely packed lipid areas on the cell mem-
brane. However, the cargo’s size, hydrophobicity,
and the need for high concentrations limit the
direct penetration method’s applicability.

Cellular endocytic pathways are preferred for
the delivery of larger bioactive cargoes. Com-
monly discussed endocytic uptake mechanisms
are clathrin- or caveolin-mediated endocytosis
and macropinocytosis. Delivery systems that use
endocytosis require specific receptors to induce
the biological uptake routes. However, there are a
limited number of known receptors available for
the needed delivery. Moreover, the sizes of endo-
somes formed through these pathways are only up
to ~120 nm for clathrin-mediated endocytosis and
~80 nm for caveolin-mediated endocytosis, possi-
bly restricting the number of cargoes that can be
accommodated in endosomes.

Unlike clathrin/caveolin-mediated endocytosis,
macropinocytosis is an actin-mediated form of
endocytosis, facilitating bulk uptake of extra-



cellular fluid and materials into large endo-
somes, called macropinosomes?. The diam-
eters of macropinosomes are reported to be
up to 5pm, which is considerably larger than
those of endosomes formed by clathrin/caveolin-
mediated endocytosis. This pathway is reported
to be involved in the cellular entry of specific
viruses. Recent studies report the significance of
macropinocytosis in the cellular uptake of CPPs,
stapled peptides, liposomes, and exosomes, sug-
gesting macropinocytosis as a ubiquitous cellu-
lar uptake pathway. Strategies that activate and
take advantage of macropinocytosis can be ad-
vantageous for large-scale uptake of bioactive
macromolecules. For this reason, we aimed to
identify macropinocytosis-inducing peptides and
show their applications for intracellular delivery.
Our lab previously reported the macropinocy-
tosis induction of the stromal cell-derived factor
la (SDF-1a) through binding to its receptor CXC-
chemokine receptor type 4 (CXCR4)3. Other works
suggested that the N-terminal of SDF-la contains
its receptor-binding and receptor-activating mo-
tifs, which were found to be enough to elicit a bi-
ological response*. Thus, we synthesized SDF1a-
N-terminal peptides with different lengths and
checked their ability to induce the cellular up-
take of 70 kDa dextran - a marker of macropinocy-
tosis. Among candidates, SN21, a peptide con-
taining the first 21-residues of SDFla N-terminal,
elicited the highest amount of dextran uptake into

C1. Activation of macropinocytosis).)

Macropinocytosis-inducing peptide (SN21) /

Membrane-lytic peptide (LK15)

3. Membrane-lytic peptide
ruptures endosomal membrane

cells. Evaluation of dextran uptake in the pres-
ence of macropinocytosis inhibitors and the vi-
sualization of membrane ruffling formation con-
firmed that SN21 induces macropinocytosis. Un-
fortunately, cargoes (i.e., 70 kDa dextran) taken in
by SN21-induced macropinocytosis induction re-
mained trapped within endosomes.

Our solution was to synthesize SN21 with a
membrane-lytic peptide LK15 (SN21-LK15). In this
strategy, SN21 acts as a physiological inducer of
macropinocytosis, allowing the accumulation of
exogenous cargoes into endosomes. LK15 then
acts as a physicochemical disruptor of endoso-
mal membranes to release the trapped cargoes
into the cytosol, where their biological activities
are performed (Figure 1). After confirming the
ability of SN21-LK15 to enter and rupture endo-
somes, we used this peptide to deliver various
functional biomacromolecules. SN21-LK15 effec-
tively delivered small-interfering RNAs and func-
tional proteins, such as Cre recombinase, arti-
ficial transcription activator-fused with a modi-
fied transcription activator-like effector protein
(TALE-VP64), and antibodies. Due to these abil-
ities, we further examined the mechanism-of-
action of SN21 in the hope of developing new
macropinocytosis-inducing peptides.

As mentioned, SN21 contains the receptor bind-
ing and receptor activation motifs of CXCR4. The
possible involvement of CXCR4 was investigated
in the macropinocytosis induction of SN21. Sur-

;

%

Bioactive cargoes
(ex. antibodies)

(2. Macropinocytic uptak9

yﬁ; 4. Released cargoes
% perform function

\
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Figurel Inducing macropinocytosis for intracellular delivery. The macropinocytosis-inducing peptide SN21 and the
membrane-lytic peptide LK15 were conjugated. The delivery of bioactive cargoes starts from the macropinocy-
tosis induced by the SN21 sequence. Then the cargoes are released from the endosomes after the disruption of the

membrane by the LK15 sequence.



prisingly, SN21-induced macropinocytosis showed
no association with the receptor. Alanine scan-
ning revealed the amino acid residues that are in-
volved in the macropinocytosis-inducing ability of
SN21. We found that peptides, which only con-
tained the critical residues, are also macropinocy-
tosisinducers. More importantly, a reactive amino
acid residue within SN21 and its shorter analog are
vital for these peptides’ macropinocytosis induc-
tion abilities. We found that the reactive residue
facilitates the extracellular exchange reaction that
yields the active form of the analog of SN21. Lastly,
we suggest a potential cell-surface receptor that
is involved in the macropinocytosis induced by
SN21 analogs. This information sheds a better un-
derstanding of the chemical mechanism that ac-
tivates the biological activity of SN21 and its ana-
log, which could provide a platform for creating
macropinocytosis-inducing peptides with higher
activities and broader applications for intracel-
lular delivery. We are currently working on a
detailed assessment of the chemical exchange
mechanism and the cell-surface receptor activa-
tion mechanisms of SN21 analogs.
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